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ayeq oIseg 


OL6T AtTne LT 


ajeg esueyo 


aseg 


LEE-n 


PROCEDURE 


4.11 NAVIGATION 


4.11.1 ORBITAL NAVIGATION 


4.11.1.1 (P21) Ground Track Determination 


CMC ~ on (req), 4.8.1.3 
Key V37E 21E 


FL VO4 NOo6 
Option code 
CMC assumed option 
(00001 = CSM, 
00002 = IM) 


Accept. PRO 
Reject V22E (load desired option) 


FL VO6 N34 


GET lat long OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Accept PRO 
Reject V25E (load desired T-lat long) 


For general G&C operating data, refer to operating 
notes, 4.6.1. 


Provides crew ground track data for either CSM or 
IM, based on time loaded in 3. 


Initial display will contain zeros (present time). 
If not changed by astronaut, P2]1 calculations will 
based on present time. 


GET at desired position of selected vehicle. 


4,11.1.1 (P21) GROUND TRACK DETERMINATION 
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MOOPANVH SNOILVUAdO OTTOdV 


(Z)-£-II MOOTE-€0-VeNS 


PROCEDURE 


CMP 4 FL VO6 N43 
Lat (+N) Selected vehicle latitude at T-lat long. 
Long (+E) Selected vehicle longitude at T-lat long. 


a3eq oIseg 


Alt Selected vehicle altitude above launch pad radius for 
earth orbit, or above lunar radius at most recently 
defined landing site for lunar orbit, at T-lat long. 

If desired 
Key N73 
Alt/10 XXXXX. NM Provides altitude display with scale compatible with 
VI XXXXX. FPS altitudes associated with lunar mission. 
Gamma, XXX.XX DEG 


OL6T ATne LT 


To increment T-lat long by 10 min 
Key V32E For V32E, program keeps previous state vector for use 
Return to 3 in starting next iteration without, however, ensuring 
that subsequent integrations are precision. If times 
reasonably close, V32E should be used; if far apart, 
would be quicker to reselect P21. 


ayeq ssueyn 


5 PRO (term P21) 
FL V37 ROO. 


Key XXE 


aszeg 


Bge-t 


(P21) GROUND TRACK DETERMINATION 
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MOOPANVH SNOILVUAdO OTIOdvV 


(2)-f-II woOTH-€0-vens 


OL6T 4the LT F3"C ltseg 


a3eq osueyyD 


adegq 


69E~t 


STA/? STEP PROCEDURE PANEL 


4.11.1.2 


4.11.1.2 


(P22) Orbital Navigation Purpose : 


e Locate, track and mark on lmk suitable for 
navigation. 


Calculate orbital parameter changes generated by 
imk sightings marks. 


Display orbital parameter changes generated by 
first lmk sighting mark for crew/MSFN verification 
prior to state vector update. 

Update known lmk coordinates. 

Provide unknown lmk coordinates. 


Track a preloaded landing site. 


Provide coordinates of a new landing site 
(treated as an unknown Imk). 


Provide coordinates of an offset landing site. 


Point optics along an advanced orbit ground 
track to track and map a new landing site. 


MOOGANVH SNOILVUAdO OTTIOdV 
(2)-f-II WOOTd-€0-VeNns 


Lmks may be known or unknown. 


Known Imk ~— Made known to CMC by Lat, 
Long/2 and Alt. 
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OL6T ATne JT "qd SIseg 


ajyeq esueys 


aseg 


O6E=1 


STA/T STEP PROCEDURE 


CMC - on (req), 4.8.1.3 

ISS - on & orient known (req), 
4h 

Opt Pwr Up (req), 4.8.1.4 

OPT ZERO - OFF 

OPT MODE — CMC 

SCS - on (req), 4.8.4.2 


4.8.1.3 & 


Unknown lmk - Identified to CMC as unknown Imk. 
There are two types of landing site mapping: 


e tLanding site determination - Track and mark an 
unknown lmk and store coordinates in lmk ID 01. 


Landing site offset - To store offset landing 
site coordinates in lmk ID 0l. 


Only legitimate values of lmk ID in N7O and N71 are: 


00 - known Imk loaded by N89 

Ol - landing site 

90-57 advanced orbit option where units digit is 
the number of orbits ahead. (N70 only) 


Ground Track Determination Program (P21) available 
to aid in selection of lmks. For orbital navigation, 
W-matrix should not be initialized to magnitudes 
>328 fps and 51,647 ft (N99 display). 


Provides monitoring and alternate control capability. 


(P22) ORBITAL NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGAUNVH SNOILVUAdO OTTOdV 
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eyed e8ueuD “oj 6r Aine Lt 


eZeg 


T6E~t 


STA/T STEP 


Sel Tot Att Disp, 4.7.2.5 


Sel Att Cont mode, 4.7.1 
Key V37E 22k 
Poss PROG alarm (4.8.1.16) 


FL V06 N45 
R3 ~ max MGA if X-axis XXX.XX DEG 
inplane 


If IMU align satisfactory 
Perform ORDEAL Init, 4.8.4.8 
Mnvr to sighting att & 
establish orb rate 
Sel FDAI disp & att cont 
mode desired, 4.7.1 & 4.7.2 


RHC - position Xse axis ~20° above 
lel horiz, SEF hds up; as 1mk 
approaches, pitch slowly to ~20° 
below horiz (put COAS LOS on 
horiz or use ORDEAL FDAT) 


RHC or MIC - pitch to offset 
orb rate, roll to avoid shft 
axis ~10° of lmk, if known 


RO2. 


MGA maximum possible middle gimbal angle if CSM 
X-axis held in orbital plane. 


Initial sighting attitude should position optics 
shaft axis inplane and ~50° ahead of local vertical. 
This provides optics cone of view which extends ~90° 
ahead of local vertical at beginning of sighting. 


As lmk approaches, pitch CSM down ~20° below horizon. 
Cone of view now extends from =50° ahead to ~30° 
aft of local vertical. 


Sighting attitude should be adjusted by small roll 
maneuver, if necessary, to prevent optics shaft axis 
from passing within 10° of target lmk. The 10° 
separation of 1lmk LOS and shaft axis ensures optics 
drive rates are not exceeded because of optics shaft 
reversal to avoid trunnion stop at -5°. 


4.11.1.2 : (P22) ORBITAL NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


NORMAL BACKUP 


MOOGANVH SNOILVUadO OTTOdV 
(2)~f-II XOOTI-€0-vens 


STA/T STEP 


PRO (If E.0., go to 6) 


ajyeq Iseg 


If realign desired 
Key V3TE XXE Select IMU realignment procedure. Reselect P22 at 
completion of realignment procedure. 


5 FL VO5 N7O (L.O. only) 
Re -— lmk code ABCDE 
A 1 (known 1lmk), 2 (unknown Ink) 
B Index of offset designator 
C Not used 
DE lm ID 


OL6T Atne LT 


Reject Key V22E 
Load desired lmk code 
Accept If A = 2 
OPT MODE - MAN 
PRO 
Go to 8 


a3yeq esueyD 


or If A =1 & DE = 01 or 50-57 
PRO 
Go to 7 PROG alarm (00404) may occur at this point. 


or If A=1 & DE 
PRO 


eseg 


Poss OPR ERR 
A = 0 or >2, B >5, or DE # 00, 
Ol or 50-57 
Recycle 5 


Z6E~t 
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STA/T STEP PROCEDURE 


CMP 6 FL VO6 N89 (1mk data) 
Lat (+N) XX. XXX DEG 
Long/2 (+E) XX.XXX DEG 


oyeq oIseg 


Alt XXX.XX NM 


Reject V25E 
Load desired data 
Accept PRO 


OL6T Atme LT 


Poss OPR ERR 
Rl or R2 >90° 
Recycle 6 


(R52, Auto Optics Positioning Routine) 


eyeq esueyD 


Poss FL VO5 NO9 
00404 (TA >90°) 


Mnvr.CSM until opt can 
acq lmk 
PRO 


adeg 


V34KE (term prog) 
FL V3T 
Key XXE 


C6E~t 


Lmk latitude. 
Lmk longitude divided by e. 


Lmk altitude above Fischer ellipsoid for earth orbit, 
or above mean lunar radius for lunar orbit. 


Points optics SLOS to selected lmk automatically. If 
in lunar orbit and a lmk code (DE) of 50 through 57 
loaded in 5 (E defining desired number of orbits 
ahead), CMC points optics 60° ahead of CSM along 
advanced orbit. 


PROG alarm light on. 


PRO recomputes required optics angles. 


ROO. 
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MOOGANVH SNOILVUAdO OTTIOdV 


NORMAL/BACKUP 


(2)-f-II WOOTI-€0-VeNsS 


oL6t ATe LT 27°C Cfsea 


eyeq esueyD 


aseg 


PROCEDURE 


If TA >50° & <90° 


Mnvr to reduce trun angle 


7 VO6 N92 (new OCDU angles) 
SA XXX.XX DEG 
TA XX.XXX DEG 


To mrk, OPT MODE - MAN 


(R53, Sighting Mark Routine) 
8 FL V51 (please mrk) 


Center lmk in opt 
MARK pb - push 


Accept. Repeat mrk proced 


or PRO 


If TA >50° and <90°, trunnion driven to upper limit 
(=49.7754°) and held at this angle. 


Key V16 NO2E for display of required optics angles 
if not presently displayed. 


No display if OPT MODE — MAN or if R52 reselected 
after R53 called, see next remark. 


Selects R53. To regain auto optics positioning, 
select OPT MODE ~ CMC (prior to completion of R53). 
CSM attitude rates >two-thirds degree/second will 
result in rejection of sighting marks; indicated 
by PROG alarm. 


Known or unknown lmk in SCT. If mark made on an 
offset lmk (landing site), key V52E (after offset 
mark) or use N71 in 9 to identify offset mark. 

If only one mark made, it should not be identified 
as offset landing site. If more than one mark made, 
any mark may be used (and identified) as offset 
landing site mark. If desirable to terminate 

lmk tracking without making marks, key V34E or 

V3TE XXE. 


If more marks desired. 


If sufficent marks made. At least one unrejected 
mark must be made before keying PRO. Otherwise, V51 
reinstated. If desirable to terminate lmk tracking 
without making marks, key V34E or V37E XXE. 
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ayeq esueyy 


adegq 


G6E-H 


STA/T STEP 


PROCEDURE 


Reject MARK REJ pb - push 
Repeat mrk proced 


If 5 mrks made 
FL V50 N25 
00016 (term mrks) 


Accept PRO 
Reject MARK REJ pb - push 
Repeat mrk proced 


OPT ZERO - ZERO (=15 sec to zero) 
OPT ZERO - OFF 
OPT MODE — CMC 

Exit R53 & R52 


9 FL VOS N71 (l1mk data) 


4.11.1.2 


Re — lJmk code ABCDE 


1 (known 1mk), 2 (unknown 1mk) 


Index of offset designator 
Not used 
Lmk ID 


V22E 
Load correct data in Re 
PRO 


If Ais 2 (or Ais 1 & DE = 01) 


Go to 11 


Poss OPR ERR 


A = 0 or >2, B>5 or DE # 00 


or OL 


Rejects last (5th) mark. 


If mark was made on an offset landing site, ensure 
that B corresponds to mark. If no offset landing 
mark made, ensure B = 0. 
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MOOGAINVH SNOILVUddO OTTOdV 


(2)-f-II WOOTd-€0-vens 


STA/T STEP PROCEDURE 


CMP 10 FL VO6 N89 (1mk coord) 2,140] If auto optics positioning was performed, this data 
Lat (+N) XX.XXX DEG will be identical to N89 data loaded in 6. 
Long/2 (+E) XX.XXX DEG 
Alt XXX.XX NM 


eyeq 2Iseg 


Reject V25E (load desired data) 
Accept . PRO 


OL6T Atme LT 


Poss OPR ERR 
Rl or R2 >90° 
Recycle 10 


11 FL V06 Nkg 
Position vector change magnitude. 
Velocity vector change magnitude. 


ayeq esueyyd 


- - return to 6 If in earth orbit. 
or L.O. — return to 5 If in lunar orbit. 


12 FL VO6 N89 If offset landing site mark made and identified to 
Lat (+N) XX.XXX DEG CMC, display is offset landing site coordinates. 
Long/2 (+E) XX.XXX DEG Otherwise, display is coordinates of lmk on which 
Alt XXX .XX NM marks were taken. 


aseg 


Accept PRO (L.0. only) Stores coordinates in CMC memory as landing site 
Return to 5 (lmk ID 01). Previously stored landing site 
coordinates erased. 


96E-h 
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STA/T STEP PROCEDURE 


Reject V32E 2,140] Does not store coordinates. 
E.0. - return to 6 


ajeq oIseg 


or L.0O. - return to 5 


13 Key V34E (to term P22) V34E at any flashing display terminates P22. 
FL V37 ROO. 
Key XXE 


OL6T AML LT 


14 Set opt cont 
OPT ZERO ~ ZERO 
OPT PWR - OFF 
RETCL BRT tw — DIM 


azeq esueyy 


aseg 


LOE-n 
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PROCEDURE 


STA/T STEP 


4.11.1.3 (P23) Cislunar Midcourse Navigation 


ayeq otIseg 


CMC ~ on (req), 4.8.1.3 
ISS - on & orient known (desired), 


4.8.1.3 & 4.14 


SCS - on (req), 4.8.4.2 


oL6t Arner LT 


RCS DAP - Load & activate (desired), 
4.8.2.1 


Opt pwr up (req), 4.8.1.4 


ajeq eueyy 


Sel Tot Att Disp, 4.7.2.5 
Sel Att Cont mode, 4.7.1 
Key V3TE 23E 
(R57, Optics Calibration) 


If. IMU orient unknown 
RHC - mvr to acq star in SXT FOV 


eased 


Go to 8 


IMU orient known 


Go to 4 


B6E—n 


Accomplishes midcourse navigation by incorporating 
star/earth and star/moon optical measurements. 


Permits auto maneuver to tracking attitude and auto 
optics positioning, if desired. Optics should be on 
for 15 minutes prior to marking. 


Provides monitoring displays and alternate control 
capability. 


Required if automatic attitude maneuver desired. For 
cislunar navigation, W-matrix should not be initial- 
ized to magnitudes >328 fps and 99,999 feet (N99 
display). 


Measures effect of solar radiation on SXT trunnion 
angle and stores measured trunnion bias for P23. 


Select suitable star for use by Optics Calibration 
Routine, R57. 
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STA/T STEP PROCEDURE 


cMP 4 FL V50 N25 2,140 
00015 (request auto mnvr, calib star) 


ajeq olseg 


Accept PRO 


earth disc in SXT FOV Optics Calibration Routine, R57. 
ENTR, go to 8 


5 FL VOl N70 Only Rl is of significance for R57. 
Star ID (calib) OOODE 
Lmk code ABCDE 
Horiz ID OOCDO 


OL6T ATML LT 


Reject Key V21E (load desired data) 


Rl - 00 for planet 
01-45 for star 


ejeq edueyy 


Accept Red data 
PRO 


Poss OPR ERR Target code negative of >50. 
If 00 RL. 51, go to. 7 


6 FL V06 N88 (planet only) 
K, Y, @ . XXXXX 


eseg 


Accept PRO 
Reject Key V25E, load desired data 


66E-t 


4.11.1.3 (P23) CISLUNAR MIDCOURSE NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Reject RHC - mnvr, acq star/lunar or Select a suitable star/lunar or earth disc for use by 


MOOGANVH SNOILVAYAdO OTTOdV 
(2)-f-II WOOTd-€0-vVeNS 


me NORMAL ’BACKUP 


OL6T Atne Lt eC Osea 


eyeq edueyD 


aseg 


OOn~* 


STA/T STEP 


(R60, 


PROCEDURE 


Attitude Maneuver Routine) 


7 FL V50 N18 (CMC auto request) 


R, P, Y 


Accept 


Reject 


XXX.XX DEG 


SC CONT - CMC 
CMC MODE - AUTO 
PRO 
vo6 N18 

R, P, Y XXX.XX DEG 
Mon auto mnvr on FDATI 
Recycle 7 
V62E 
RHC - null FDAI err needles 
Recycle 7 


SC CONT ~- SCS (or CMC MODE - 
# AUTO) 

PRO (updates disp) 

Recycle 7 


or ENTR (exit R60) 


8 FL V59 (perform calib mrk) 


Accept 


Ctr desired calib 

feature or star in SXT 
OPT ZERO - OFF 
OPT SPEED — LO 
OPT MODE -- MAN 
OPT TELTRUN -— SLAVE TO SXT 
OPT COUPLING - DIR 


Provides for maneuver (auto or manual) to attitude 
calculated by vecpoint routine. 


Required gimbal angles. 


Static display until completion of auto maneuver and 
then reverts to FL V50 N18. 


Provides error needle reference for manual maneuver. 


Recomputes desired attitude without performing auto 
maneuver. 


When attitude satisfactory. 
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ajeq osueyy 


STA/T STEP 


9 FL VO6 N87 
Re — trun bias 


PROCEDURE 


Superimpose SLOS & LLOS 
MARK pb - push 
Go to 9 


If IMU orient unknown 
OPT MODE — MAN 
ENTR 
Go to 17 

If IMU orient known 
OPT MODE - CMC 
ENTR 
Go. to 10 


XX.XXX DEG 


If IMU orient unknown 
OPT MODE — CMC 
PRO, go to LT 

If IMU orient is unknown 
PRO 
Go. to 17 

If IMU orient known, return 
to 4 

If IMU orient unknown, return 
to 8 


Trunnion bias angle is a function of angle between 
LLOS and sun and is a constant if sun is outside 
cone +15 deg from LLOS. 


If optics were calibrated with sun outside cone 
defined in preceding remark and are used outside 

cone during future marks, recalibration not necessary. 
If sun is within cone, calibration should be 
performed each time through P23. 


PROG alarm (00404) may occur at this point. 


Scaling of N87 is such that small negative angle 
will appear as positive angle approaching 90°. 
(Actual angle equal to 90° minus displayed value. ) 


CMC stores calibration angle. 


MOOGANVH SNOILVYAdO OTTOdV 


(2)~f-II WOoTd-CO-VeNs 


aseg 


TOR-H 


10 FL VO5 N70 
Star ID 
Lmk code 
Horiz ID 


OOODE 
ABCDE 
OOCDO 


Reject Key V25E (load desired data) Either R2 or R3 should be 00000, but not both. 
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STA/T STEP 


OL6T 4tme LT «Fed Sse 


ayeq esueys 


aseg 


cOnmh 


PROCEDURE 


00 for planet 

01-45 for star 

AB not used 

C 1 (earth 1mk), 2 (moon Imk) 
DE not used 


00000 for horiz measurement 
horiz ID 
1 (earth horiz), 2 (moon horiz) 


1 (near horiz), 2 (far horiz) 


00000 for 1lmk measurement 


Accept. Red data 


PRO 
go to ll 


If sighting on planet/horiz, 
go to l2 


If sighting on star/horiz, go 
to 13 


Poss OPR ERR 
Rl <OQ-or >45 


R2 (C) & R3 (CD) = 0 
R2 (Cc) & R3- (cD) = 1 or 2 


Either R2 or R3 must be 
zero (but not both) 


Star or planet ID 


Star/EL 
Star/LL 


Star /ENH 
Star/EFH 
Star/LNH 
Star/LFH 


(P23) CISLUNAR MIDCOURSE NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVUAdO OTTIOdV 


(2)-f£-II WOOTd-€0-vens 


OL6T Atne yr "Cd Pseg 


ayeq esueyy 


aseg 


CORh 


4.11.1.3 


STA/T STEP PROCEDURE 


or R2 (Cc) = 0 & R3 (C&D) #1 2,1h0 


or 2 
Recycle 10 


11 FL Vo6é N89 
Lat (+N) XX .XXX DEG 
Long/2 (+E) XX.XXX DEG 
Alt XXX.XX NM 


Accept PRO 
If planet not specified, go to 13 
Reject V25E (load desired data) 


Poss OPR ERR 
Rl or R2 >90° 
Recycle 11 


12 FL Vo6 N88 (planet only) 
Yack . XXXXX 


Accept PRO 
Reject V25E (load desired data) 


13 FL V50 N25 


00202 (request 3-axis mnvr) 


Accept PRO (3-axis mnvr), go to 14 
Reject ENTR (vecpoint mnvr), go to 1h 
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If planet or star and either earth or moon landmark 
sighting. 


Above Fischer ellipsoid for earth orbit, or above 
mean lunar radius for lunar orbit. 


Optional 3-axis maneuver or vecpoint maneuver 
available. 


PRO or ENTR calls R60 to perform automatic maneuver. 


(P23) CISLUNAR MIDCOURSE NAVIGATION 


MOOPANVH SNOILVYAdO OTTOdV 


NORMAL/BACKUP 


(2)-f-II YOOTE-€O-Vens 


ayeq otseg 


OL6T Atre LT 


azyeq edueyo 


ased 


HORmH 


STA/T STEP PROCEDURE 


(R60, Attitude Maneuver Routine) 


FL V50 N18 (CMC auto request) 
R, P, Y XXX.XX DEG 


Accept SC CONT - CMC 
CMC MODE -~- AUTO 
PRO 
vo6 N18 
R, P, Y XXX.XX DEG 
Mon auto mnvr on FDATI 
Recycle 14 
V62E 
RHC - null FDAI err needles 
Recycle 14 


SC CONT ~ SCS (or CMC MODE - 
# AUTO) 

PRO (updates disp) 

Recycle 14 


or ENTR (exit R60) 


(R52, Automatic Optics Positioning Routine) 


Poss FL VO5 Nog 
oo40o4 (TA >90°) 
Mnvr to reduce TA 
PRO 


V34E 
FL V3T 
Key XXE 


Provides for maneuver (auto or manual) to attitude 
calculated by 3-axis or vecpoint routines. 


Required gimbal angles. 


Static display until completion of auto maneuver and 
then reverts to FL V50 N18. 


Provides error needle reference for manual maneuver. 


Recomputes desired attitude without performing auto 
maneuver. 


When attitude satisfactory. 


Points. SLOS of optics at selected star. 
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MOOGANVH SNOILVUAdO OTTOdV 


(2)-f-II WOOTE-€0-VeNsS 


oL6T Atnp LT 2" Osea 


ayeq odueyuy 


aseg 


SOR-H 


STA/T STEP 


4.11.1.3 


PROCEDURE 


If TA >50° and <90° 
Mnvr to reduce TA 


vo6 N92 (desired opt angles) 
SA XXX.XX DEG 
TA XX.XXX DEG 


(R53, Sighting Mark Routine) 
OPT MODE — MAN 


FL V51 (please mrk) 2,140 
Check star & lmk are in SXT FOV 
OPT COUPLING - RSLV 
OPT SPEED - LO 
RHC ~ position Imk near ctr of SXT 

FOV 

OHC - superimpose star & lmk images 
MARK pb - push 


FL V50 N25 
00016 (term mrks) 


Accept PRO 
Reject MARK REJ pb - push 
Return to 17 


FL VO5 N71 
Star ID 
Imk code 
Horiz ID 


If TA >50° and <90°, trunnion driven to upper limit 


(=49.7754°) and held at this angle. 


Optics will drive to acquire selected star or planet. 


If CMC aid in reacquiring lmk/horiz desired, key VO4E 


and place OPT MODE switch to CMC. 


and R53, starts R60 going again, recalculates required 
optics vector, reselects R52 and positions optics. 
V94 usable only in P23 from R52 callup through R53 to 


mark accept (PRO in 18). 


Refer to 10 for codes. 


(P23) CISLUNAR MIDCOURSE NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


v9 terminates R52 


MOOPAGNVH SNOILVYAadO OTTOdV 
(2)-£-II WOOTH-€0-VeNS 


‘NORMAL/BACKUP 


OL6t ftIne iT Pt" Ctseg 


ayeq esueyy 


eased 


90H-K 


PROCEDURE 


Reject V25E 

Load desired data 
Accept Red data 

PRO 


If sighting on planet/horiz 
Go to 2] 

If sighting on star/horiz 
Go to 22 


Poss OPR ERR 
Rl <0 or >45 


or R2 (C) & R3 (cD) = 0 


or R2 (C) & R3 (CD) = 1 or 2 
Either R2 or R3 must be 
zero (but not both) 


or R2 (C) = 0 & R3 (c&D) 41 
or 2 


Recycle 19 


20 FL VO6 N89 


Altitude above Fischer ellipsoid for earth orbit, or 


above mean lunar radius for lunar orbit. 
PRO 


If planet not specified, 
go to 22 

V25E 

Load _ desired data 


(P23) CISLUNAR MIDCOURSE NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVUAdO OTTOdV 


(Z)-f-II YOOTE-€0-V2NS 


STA/T STEP PROCEDURE 


Poss OPR ERR 
Rl or R2 >90° 
Recycle 20 


ayeq oIseg 


FL VO6 N88 (planet only) 
an ee » XXXXX 


Accept PRO 
Reject V25E (load desired data) 


oL6t ATMLe LT 


FL VO6 N49 
AR XXXX.X NM Magnitude of position vector change. 
AV XXXX.X FPS Magnitude of velocity vector change. 


Accept PRO Updates state vector. 
Reject Reselect V37E 23E, return to 3 No state vector update if reject option selection. 


a3eq odueyD 


or V32E (go to 23) 


FL V3T 
Key. XXE 


Key V93E (if necessary) If state vector update via P27 has not occurred. 
Enables W-matrix initialization. 


MOOGANVH SNOILVYAdO OTTOdV 
(2)-f-II WOOTd-E0-VeNs 


Set. opt cont 
OPT ZERO ~ Zero 
OPT PWR - OFF 
RETCL BRT tw ~— DIM 


aseg 


LOn~t 


4.11.1.3 (P23) CISLUNAR MIDCOURSE NAVIGATION 


DED BY SPACECRAFT.IT DOCUMENTATION TEAM : 
THIS SCANNED COPY IS PROVI S) NORMALJBACKUB 


OL6T ATMe LT 27" ~OTSea 


ayeq asueys 


eseg 


gOn-n 


STA/T STEP PROCEDURE 


4,11.1.4 (P2h) Rate Aided Optics 


CMC - on (req), 4.8.1.3 
ISS ~ on & orient known (req), 4.8.1.3 
& kh 
SCS - on (req), 4.8.4.2 
RCS DAP - load & activate (req), 4.8.2.1 
Opt pwr up (req), 4.8.1.4 
Sel Tot Att disp, 4.7.2.5 
Sel Att Cont mode, 4.7.1 


1 Key V37E 2hE 
2 Mnvr to sighting att 


3 FL VO6 N89 
Lat (+N) XX.XXX DEG 
Long/2 (+E) XX.XXX DEG 


Alt XXX.XX NM 


Reject V25E 
Load desired data 
Accept. OPT MODE - CMC 
PRO 


Poss OPR ERR 
Rl or R2 >90° 
Recycle 3 


To locate and acquire lmk via auto optics 
positioning. 


To track lmk using manual rate-aided optics 
feature of R52. 


Obtain and downlink unlimited number of sighting 
marks of chosen Imk. 


Tracking may be facilitated by initiating pitch 
maneuver using V79 (PTC/orb rate) procedure. 


Imk latitude. 
Lmk longitude divided by 2. 


Lmk altitude above Fischer ellipsoid for earth orbit, 
or above mean lunar radius for lunar orbit. 


(p24) RATE AIDED OPTICS 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVYRdO OTTOdV 


(2)-f£-II WOOI-€0-VeNS 


(R52, Auto Optics Positioning) 


ajyeq olseg 


Poss FL VO5 NO9 
ookok (TA >90°) 


Mnv CSM until opt can 
acq limk 
PRO 


OL6T ATE LT 


V34E (term prog) 
FL V37 
Key XXE 


If TA >50° & <90° 


Mnvr to reduce TA 


ayeq esueyo 


4 V06 N92 (new OCDU angles) 


SA XXX.XX DEG 
TA XX.XXX DEG 


To mrk 
OPT MODE -— MAN 


adeg 


604-4 


4.11.1.4 
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STA/T STEP PROCEDURE 


PROG alarm light on. 


PRO recomputes required optics angles. 


ROO. 


If TA >50° and <90°, trunnion driven to upper limit 
(=49.7754°) and held at this angle. 


Key V16 N92E for display of required optics angles 
if not presently displayed. 


No display if OPT MODE - MAN or if R52 reselected 
after R53 called. 


Selects R53 and enables rate-aided drive feature of 
R52. To regain auto optics positioning, select OPT 
MODE - CMC (prior to completion of R53). Having 
regained auto optics, FL V51 remains; rate-aided 
drive is disabled. However, marking process may be 
continued. 


(P24) RATE AIDED OPTICS 


MOOPANVH SNOILVUAdO OTTOdV 


NORMAL/BACKUP 


(2)-f-II 3OOTd-€O-VveNS 


ol6T IML At 92°C PPS 


ayeq edueyo 


aseg 


OTH 


STA/T STEP PROCEDURE 
(R53, Sighting Mark) 

CMP 5 FL V51 (please mrk) 

Ctr 1mk in opt 

MARK pb —- push 

Accept Repeat mrk proced 

Reject MARK REJ pb ~— push 

Recycle 5 


Poss OPR ERR 
00110 (no mrks made) 


To term mrks 
PRO 


FL V37 
Key XXE 


6 Set opt cont 
OPT ZERO - ZERO 
OPT PWR - OFF 
RETCL BRT tw - DIM 


PANEL 


Lmk is centered by using OHC augmented by rate-aided 
optics feature of R52. 


Stores mark data in downlink area. 
Number of marks unlimited. 


Places complement of last mark's time register on 
downlink. 


If sufficient marks made. At least one unrejected 
mark must be made before keying PRO. Otherwise, V51 
reinstated. If desirable to terminate lmk tracking 
without making marks, key V34E or V37E XXE. 


(p2h) RATE AIDED OPTICS 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGAGNVH SNOILVUAdO OTTOdV 


(Z)-f-II WOOTd-tO-vens 


OL6T Ate LT =(97"C Osea 


a3yeq esueyD 


eased 


TTRWH 


STA/T STEP PROCEDURE 


4.11.1.5 (V82) Orbit Parameter Display (R30) 
CMC - on (req), 4.8.1.3 


CMP 1 Key V82E 
If ave G routine on, go to 4 


2 FL Vok nl2 
Option code 
CMC assumed option 
(1 = CSM active 
2 = IM active) 


Accept PRO 
Reject V22E (load desired option) 


3 FL VO6 N16 
GET event OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Accept PRO 
Reject Key V25E 
Load desired time 


Provides crew with CMC computed orbital parameters. 
Time from perigee/perilune (TF perigee) available 
via N32 if Hp >49.4 NM (300,000 ft) for earth orbit 
or >5.8 NM (35,000 ft) for lunar orbit. If POO or 
Pll running, ASR (miss distance) available via N50. 


v82 computations based on two-body conic equations 

and may give erroneous results during transearth/luar 
coasting. TFF display may be incorrect if return 
trajectory is hyperbolic. 


Time for state vector integration. TFF and N32 
continue to be measured from present time rather than 
N16 input time. CMC sets time option initially to 
zero, meaning present time. 


4.11.1.5 (v82) ORBIT PARAMETER DISPLAY (R30) 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGAINVH SNOILVUAdO OTTOdV 


"NORMAL BACKUP 


(2)-f-II WYOOTE-€0-VeNS 


STA/T STEP PROCEDURE 


CMP 4 FL V16 N44 


a3eq dIseg 


Ha 
Hp 


OL6T ATMS LT 


XXBXX MIN-SEC 


PRO 
V32E 
Recycle to 3 


ayeq asueyy 


asdeg 


a 


If average G on, display updates every 2 seconds. 


Above launch pad radius for earth orbit or above 
landing site radius for lunar orbit. Calculations 
are subject to limitations of two-body approximation 
and yield reasonable results if vehicle close to 
earth or moon. 


Time of free fall to 49.4 NM (300,000 feet) for earth 
orbit, or 5.8 NM (35,000 feet) for lunar orbit. ‘TFF 
reads -59B59 if Hp >49.4/5.8 NM; under these condi- 
tions, time from perigee/perilune available by keying 
N32. If average G off and Hp <49.4/5.8 NM, TFF 
counts down. For N32, if average G off and Hp 


>49.4/5.8 NM, time from perigee/perilune counts down. 


Recalculates orbital parameters. (Valid only if 


average G off.) 


(V82) ORBIT PARAMETER DISPLAY (R30) 
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HMOOPAUNVH SNOILVUAdO OTTOdV 


(2)-f-II WOOTd-€0-veKS 


STA/T STEP 


PROCEDURE 


4.11.2 RENDEZVOUS NAVIGATION 


o3eq oCIseg 


4.11.2.1 (P20) CSM Rendezvous Navigation 


oL6T ATL LT 


a3eq. sdueyy 


CMC - on (req), 4.8.1.3 
ISS - on & orient known (req), 
4.8.1.3 & 4.14 
SCS - on (desired), 4.8.4.2 
Opt pwr up (req), 4.8.1.4 
VHF AM ranging mode sel (req), 4.5.6.6 
CMC ATT - IMU (verify) 
LOGIC 2/3 PWR - on (up) (if no SCS) 


aseg 


Key V93E (if necessary ) 


ET HH 


4.11.2.1 


Purpose: 


@ Control CSM attitude and optics to acquire LM in 
SXT FOV and to point CSM transponder at LM or to 
control CSM attitude to acquire LM along CSM +X 
axis depending on option selected by crew. 


To update either LM or CSM state vector depending 
on crew selection. Update is based on optical 
tracking or VHF ranging data. 


The uplink activity light indicates R61 requesting 
an automatic maneuver during rendezvous. 


For rendezvous navigation W-matrix should not be 
initialized to magnitudes >328 fps and 51,647 feet 
(N99 display). 


Provides total attitude and rate monitoring. 
Not required for VHF update. 
Not required for optical update. 


Required for control and display functions. 
If hour or more has elapsed since W-matrix 


initialization or if state vector has not been 
updated via Pe7. 


(P20) CSM RENDEZVOUS NAVIGATION 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVYAdO OTTIOdV 


(c)"f£-II WOOTE-E£0-veNs 


a3eq oIseg 


CMP 


ol6T AINE LT 


ayeq esueyy 


aseg 


ATH 


STA/T STEP PROCEDURE 


1 Sel Tot Att disp, 4.7.2.5 
2 Sel Att Cont mode, 4.7.1 


3 Key V37E 20E 


Poss PROG alarm (4.8.1.16) 


(R60, Attitude Maneuver Routine) 


(If UPLINK ACTY lt on 
Key V58E) 


2,140] Selection of P20 automatically selects preferred 


tracking attitude option and IM state vector update 
option. Crew may exercise control of these options 
through use of the following extended verbs. 


V76E - Selects preferred tracking attitude. 
VTTE Selects +X axis tracking attitude. 
V80E - Selects IM state vector update. 

V81E - Selects CSM state vector update. 
V87E - Allow R22 to accept VHF range data. 
V88E - Inhibit acceptance of VHF range data. 


RO2. 


Provides for maneuver (auto or manual) to attitude 
specified by option selected. R60 called only if 
maneuver >10° (in any axis) required. Otherwise 
maneuver performed by R61. 


Must key V58E in order to get R60 (V50 N18), except 
for initial entry to P20. R61 resets V50 N18 flag; 
V58E sets flag to allow R60 if subsequent auto 
maneuver >10° required. 


(P20) CSM RENDEZVOUS NAVIGATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGAGNVH SNOILVUAdO OTITIOdV 


(Z)-£-II MOOTE-€0-VeNS 


ajeqg CIseg 


OL6T Atne LT 


eyeg esueyy 


aZeg 


STHmH 


STA/T STEP 


PROCEDURE 


CMP 4 Poss FL V50 N18 (auto mvr request) 


4.11.2.1 


(2 sec priority) If req GMBL angle 
change >10° 


R, P, ¥ XXX.XX DEG 


Accept SC CONT - CMC 
CMC MODE - AUTO 
PRO 


vo6 N18 

R, P, Y XXX.XX DEG 
Mon auto mnvr on FDAI 
Key V62E 
RHC - null FDAI err needles 
Recycle 4 


SC CONT - SCS (or CMC mode # 
auto ) 

PRO 

Recycle 4 


When att satisfactory 
ENTR 


2,140 


1 


2,140 


DAP will point preferred or X-axis at IM but will not 
constrain roll about tracking axis. If required 
maneuver <10°, maneuver performed by R61. 


Required gimbal angles. 


This may be performed second time as attitude trim. 


Priority display. At completion of maneuver, display 
will revert to FL V50 Ni8. 


Provides reference for manual maneuver. 


To update display without performing maneuver. 


Terminates Attitude Maneuver Routine, R60. (Routine 
R61 will continue to compute and maintain selected 
attitude (option) as long as SC control CMC AUTO 
and RHC not moved out of detent.) UPLINK ACTY 
light will be lit if V50 N18 flag not set and 
tracking angles >10 degrees. 


(P20) CSM RENDEZVOUS NAVIGATION 
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MOOGANVH SNOILVYAdO OTTOdV 


(2)~f-II WOOTE-CO-VeNns 


NORMAL/BACKUP 


STA/T STEP PROCEDURE 


If opt sighting mrks desired, 
go to 5 


ajyeq olseg 


If BU opt (COAS) sighting mrks 
desired, go to 8 


If VHF ranging data update 
desired, 
Key V87TE 
Go to 11 


OL6T 4tmLe LT 


(R52, Automatic Optics Positioning) 


5 OPT ZERO - OFF 
OPT MODE ~ CMC 


If TA >50° If TA >50°, trunnion driven to upper limit (=49.7754°) 
and held at this angle. 


ayeq edueyn 


RHC - man mnvr to selected Key V16 N22 for desired gimbal angles. 
tracking att Key V16 N92 for desired optics angles. 


SC CONT - CMC 1 
CMC MODE - AUTO 
Key V58E if RHC moved from detent 2,140 


(R21, Rendezvous Tracking Sighting Mark Routine) To perform sighting marks on IM. 


aseg 


6 Key VS5TE 


gTy-h 


(P20) CSM RENDEZVOUS NAVIGATION 
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MOOGANVH SNOILVUAdO OTTIOdV 


(2)f-II WOTE-€0-Vens 


oL6t Atne LT 27°C PISea 


azeq odueyy 


assed 


LTH 


STA/T STEP 


PROCEDURE 


CMP 7 FL V51 N&S (please mrk) 
Mrks (VHF/opt ) XXBXX MKS 


4,11.2.1 


TF GETI (next burn) XXBXX MIN-SEC 
MGA (next burn) 


OPT MODE —- MAN 
OHC - ctr LM in SXT 
MARK pb - push 


Accept Repeat mrk proced 
or PRO 


OPT MODE —~ CMC 
Go to 11 


Reject MARK REJ pb — push 
Repeat mrk proced 


(P29) CSM 
THIS SCANNED COPY IS PROV 


NDEZVOUS NAVIGATION 


Number of marks processed by R22. Two most signifi- 
cant digits display VHF ranging marks. Two least 
significant digits display optics marks [either SXT 
or backup optics (COAS) marks]. Optics mark counter 
does not distinguish between backup and primary 
marks. 


Constraint - R2 cannot be >59B59 at this point. If 
TF GETI >59 min 59 sec, display is limited. N35 may 
be used to get full time to ignition. 


MGA displayed as -00002 at this point if IMU not on 
and orientation known (REFSMMAT flag reset). Other- 
wise, MGA at GETI displayed if CSM +X axis aligned 
with initial thrust direction. 


If more marks desired. 


If sufficient marks have been made. To ensure 
processing of last mark, wait 15 seconds before 
proceeding. This allows for previous mark to be 
processed. If PRO done too soon, one of last two 
marks may be ignored. 


Tl 


1s) 


OCUMENTATION TEAM 


MOO@ANVH SNOILVaadO OTIOdV 
(%)-f-II WOOTd-E0-VeNs 


OL6T Atne LT PPC Osea 


ayeq esueyo 


edeg 


BTA 


STA/T STEP PROCEDURE 


(R23, Backup Rendezvous Tracking Sighting Mark Routine) 


CMP 8 Key V54E 2,140 
9 FL VO6 NOL 
SA 


TA 
Accept PRO 
Reject Key V2kE 
Load desired data 


10 FL V53 N45 (request alt LOS mrk) 
Mrks (VHF/opt) XXBXX MKS 


TF GETI (next burn) XXBXX MIN-SEC 


MGA (next burn ) 


RHC - Align LM in COAS 
ENTR 


To perform sighting marks on IM using backup optics 
(COAS). . 


SA - Shaft angle (nominal = 00000). 
TA - Trunnion angle (nominal = 57470). 


Number of marks processed by R22. Two most signifi- 
cant digits display VHF ranging marks. Two least 
significant digits display optics marks [either SXT 
or backup optics (COAS) marks]. Optics mark counter 
does not distinguish between backup and primary marks. 


If 
N35 may 


Constraint — R2 cannot be >59B59 at this point. 
TF GETI >59 min 59 sec, display is limited. 
be used to get full time to ignition. 


MGA displayed as -00002 at this point if IMU not on 
and orientation known (REFSMMAT flag reset). Other- 
wise, MGA at GETI displayed if CSM +X axis aligned 
with initial thrust direction. 


Alternate LOS mark. 


(P20) CSM RENDEAVOUS NAVIGATION 
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MOOGANVH SNOILVaadO OTTOdV 


(Z)-£-II XOOTA-£0-VenS 


PROCEDURE 


STA/T STEP 


Repeat mrk proced 


e}yeq olseg 


PRO 


V86E 
Repeat mrk proced 


oL6T ATL LT 


Reject 


(R22, Rendezvous Tracking Data Processing Routine) 


11 Poss FL VO6 N4Q (2 sec priority) 
AR XXXX.X NM 
AV XXXX.X FPS 


ayeq esueyo 


Source code 0000X. 


Wait 2 sec 


Accept PRO 


eased 


Reject Key V32E 


6TR~H 


4.11.2.1 
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If more marks desired. 

If sufficient marks have been made. To ensure 
processing of last mark, wait 15 seconds before 
proceeding. This allows for previous marks to be 
processed. If PRO done too soon, one of the last 
two marks may be ignored. 


Rejects previous mark. 


Excessive update parameters. To change AR and AV 
threshold values, refer to 4.8.1.10. 


00001 = Optics (CMC does not differentiate between 
SXT and COAS marks ). 
00002 = VHF ranging. 


Priority display. Will not respond to DSKY input 
until after 2 seconds. 


Incorporates update data. 


Does not incorporate update data. (V32E will erase 
mark data from positions 1, 2, and 3 if R3 = 00001.) 


(P20) CSM RENDEZVOUS NAVIGATION 


MOOGANVH SNOILVUAdO OTTOdV 


~NORMAL‘BACKUP 


(Z)-f-II WOTI-C€o-VenNs 


STA/T STEP PROCEDURE 


CMP 12 To term P20 & all other prog running 
Key V37TE OOE 


ayeq 2Iseg 


or To term P20 only 
Key V56E 


Poss FL V37 
Key XXE 


OL6T Atne LT 


13 Set opt cont 
OPT ZERO - ZERO 
OPT PWR - OFF 
RETCL BRT tw - DIM 


ayeq esueyy 


aseg 


OeR~ 


2,140 


If V56 keyed in during computation in P34/P35, 
these computations will be restarted from beginning. 


FL V37 only if no other program active. 


MOOGANVH SNOILVUAdO OTTOdV 
(2)-£fII WOOTE-CO-VeNs 


(P20) CSM RENDEZVOUS NAVIGATION 
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STA/T STEP PROCEDURE 


ajeq vIseg 


CMC - on (req), 4.8.1.3 
& 4.14 


CMP 1 Key V83E 


OL6T AThL LT 


Poss OPR ERR If another extended verb active. 


Range Range and 
Range and 
at ranges 
schedules 
Once this 
caused by 
reflected 


ajyeq esueyy 


Range rate XXXX.X FPS (-) range 


not sufficiently accurate for reliable terminal 
closing values. It should not be utilized without 
good visual cues. 


aseg 


2 FL V16 N54 Display updated at 2-second intervals. 


4.11.2.2 (V83) Rendezvous Parameter Disple: Displays CMC calculated rendezvous parameters (range, 
#1 (R31) range rate, and theta). 


ISS - on & orient known (req), 4.8.1.3 Required for meaningful display of theta. 


range rate based on stored state vectors. 
range rate displays may degrade considerably 
below =0.3 to 0.5 NM depending on marking 
and resultant CMC navigation accuracy. 
routine has started, changes to state vector 
optics mark or VHF sample will not be 

in displayed parameters. 


rate indicates closing. This calculation 


MOOGAGNVH SNOILVUAdO OTIOdV 
(2)-£-II WOoOld-co-vens 


Theta (1cl horiz/ Theta - Angle” included between +Xsc axis and local 


CSM +X) horizontal. Angle in range 0° to 180° indicates +Xsc 
axis is above local horizontal plane. Total range: 
0° to 360°. 


PRO 
Return to prog in progress 


Tenn 


4.11.2.2 (V83) RENDEZVOUS PARAMETER DISPIAY #2. (R34) oN TEAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT 


OL6T tne LT PFC seg 


93eq adueyo 


aseg 


canny 


STA/T STEP PROCEDURE 


CMP 


4.11.2.3  (V85) Rendezvous Parameter Displa 
#2 (R34) 


CM ~ on (req), 4.8.1.3 
ISS - on & orient known (req), 4.8.1.3 
& 1k 
Opt pwr up (req), 4.8.1.4 
1 Key V85E 
Poss OPR ERR 
2 FL V16 N53 


Range 
Range rate 


Phi (lel horiz/ 
SLOS) 


PRO 
Return to prog in progress 


en Et te 


Displays CMC calculated rendezvous parameters (range, 
range rate, and phi). 


Required for meaningful display of phi. 


Required for meaningful display of phi. 


If another extended verb active. 
Display updated at 2-second intervals. 


Range and range rate computed based on stored IM 

and CSM state vectors. (-) range rate indicates 
closing. Range and range rate displays may degrade 
considerably at ranges below ~0.3 to 0.5 NM depending 
on marking schedules and resultant CMC navigation 
accuracy. Once this routine has started, changes 

to state vector caused by optics mark or VHF sample 
will not be reflected in displayed parameters. 


Phi - Angle included between optics starline of 
sight and a local horizontal. Angle in range 0° to 
180° indicates SLOS is above local horizontal plane. 
Total range: 0° to 360°. 


(V85) RENDEZVOUS PARAMETER DISPLAY #2 (R3h) 
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MOOGAUNVH SNOILVYAdO OTTIOdV 


(Z)-£-II wOOTE-€0-VeNsS 


e1eq lseg 


h.11.2.4 (V90) Rendezvous Out of Plane Display Displays CMC calculated rendezvous out-of-plane 
R parameters (Y, Ydot, Psi) for vehicles selected in 2. 


CMC - on (req), 4.8.1.3 


CMP 1 Key V9OE 2,140 


Poss OPR ERR If another extended verb active. 


“OL6t ATE LT 


2 FL Vos N12 
Option code 
CMC assumed option 
(1 = CSM active; 
2 = IM active) 


Accept PRO 
Reject V22E (load desired option) 


o30q o8teyo 


3 FL VO6 N16 ; 

GET event OOXXX. HRS GET for which out-of-plane parameters desired. N16 
initialized to TIG(N33) before this display, and 
after recycle. (Present time indicated by all zeros.) 

OOOXX. MIN 
OXX.XX SEC 


Accept PRO 
Reject Key V25E 
Load desired GET event 


o8eg 


oHnn 


4.11.2.4 ; THIS SCANNEOW99) VRERE VOWED Biz SPR GHANEF DISEASE UMRSOPATION TEAM 


SOOGANVH SNOILVUAdO OTIOdV 


(Z)-f-II WOT-CO-VENS 


ajeq orseg 


oL6t Atne LT 


eyeq esueyy 


a2eg 


a 


STA/T STEP 


PROCEDURE 


CMP & FL VO6 N9O (rndz out of plane param) 


Y 


Ydot 


Psi 


Accept 


Reject 


XXX.XX NM 


XXXX.X FPS 


XXX.XX DEG 


PRO 

Exit R36 

Key V32E 

Return to 3 (adjust GET 
event ) 


2,140 


Y - Distance along V x R of passive vehicle. 


Ydot = Rate of change of Y. +, increasing; 
-, decreasing. 


Psi — Angle between active vehicle orbital plane 


and LOS to passive vehicle projected into horizontal 
plane. Range: 0° to 360°. 


To obtain additional data point. 


(V90) RENDEZVOUS OUT OF PLANE DISPLAY (R36) 
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MOOGANVH SNOILVUAdO OTTOdV 


(2)-f-II WOOTE~LO~-Vens 


STA/T STEP PROCEDURE 


4.11.2.5 (V89) Rendezvous Final Attitude (R63) Calculates final gimbal angles required to point 


either CSM +X axis or preferred tracking axis at LM. 
CMC ~ on (req), 4.8.1.3 Provides auto maneuver to selected attitude by calling 
IsS ~ on & orient known (req), 4.8.1.3 R60. ; 
& 4.14 
SCS - on (desired), 4.8.4.2 
RCS DAP - load & activate (req), 4.8.2.1 


ejeq oIseg 


oL6T Atme LT 


Key V37E OOE 2,140 | R63 may be selected from POO only. 


Sel ISS Tot Att Disp, 4.7.2.5 Both FDAIs recommended so that either reference 
system (IMU or GDC) may be monitored. (CMC 
attitude error and rate display available.) 


Key V89E 


Poss PROG alarm (4.8.1.16) RO2. 


eyeqg esueyy 


FL VO4 NO6 
Option code 00003 
CMC assumed option o000xX 
(00001 ~ Pref; 00002 ~ +X axis) 


Accept PRO 
Reject Key V22k 
Load desired option 


MOOGANVH SNOILVYAdO OTTOdV 
(2)-f-II WOoTs-€0-VeNsS 


aseg 


FL VO6 N18 (computed GMBL angles) 

R, P, Y XXX.XX DEG Computed required gimbal angles at selected tracking 
attitude (preferred or +X axis) if present IMU 
orientation maintained. 

Accept PRO 

Reject Key V32E (to update disp) 


Son~n 


4.11.2.5 (v89) RENDEZVOUS FINAL ATTITUDE (R63) 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM NORMAL/BACKUP 


sige ne an me pee eR MRR Tn 


STA/T STEP PROCEDURE 


(R60, Attitude Maneuver Routine) Provides maneuver (automatic or manual) to attitude 
selected in 4h, 


a7eq oIseg 


CMP 6 FL V50 N18 (CMC auto request) 
R, P, Y XXX.XX DEG Required gimbal angles. 


Accept SC CONT - CMC 
CMC MODE - AUTO 
PRO 
Go to 7 
Key V62E Provides reference for manual maneuver. 
RHC - null FDAI err needles 


OL6T 4tTme LT 


SC CONT - SCS Recomputes desired attitude without performing auto 
(or CMC MODE # AUTO) maneuver. 

PRO (to update disp) 

Recycle 6 


eyeq esueyy 


ENTR Terminates R60. 
Exit R60 


T V06 N18 (auto mvr) 
R, P, Y 


Mon auto mvr on FDAI 
Return to 6 


MOO@ANVH SNOILVUAdO OTIOdv 
(Z)-f-II WOOTE-£0-VeNS 


aZeg 


gen~H 


(V89) RENDEZVOUS FINAL ATTITUDE (R63) 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


STA/T STEP PROCEDURE 


4,11.2.6 (P76) TARGET DELTA V Provides IM maneuver parameters to CMC for updating 
CMC knowledge of IM state vector. 


a7eq 2Iseg 


P76 may be performed concurrently with P20. If P20 
operating, discontinue marking and ensure data 
incorporation complete in P20 by reviewing N45 mark 
counters prior to P76 state vector changes. If P76 
completed prior to IM burn, delay P20 state vector 
updates until after LM maneuver executed. 


oL6T 4tnLe LT 


CMC ~- on (req), 4.8.1.3 


Key V37E 16E 


FL VO6 N33 
GETI OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


e3yeq esueyD 


Accept PRO 
Reject Key V25E 
Load desired GETI 


FL VO6 N84 
AVX, Y, Z (LM lel XXXX.X FPS 
vert ) 


asegq 


Accept PRO CMC updates IM state vector and zeros mark counters. °* 
Reject Key V25E 
Load desired data 


FL V37 
Key XXE 


Ben~n/Leq-y 


4.11.2.6 - (P76) TARGET DELTA V 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVYAdO O'ITOdV 


(Z)-f-II XOOTR-CO-veNs . 


PROCEDURE 


4,12 PRETHRUSTING 


azeq DIseg 


4.12.1 ORBIT CHANGE PRETHRUSTING If P37 Return to Earth Program desired, go to 
4.12.1.2. . 


4,12,.1.1 (P30) External Delta V Prethrusting Accepts targeting parameters from sources external to 


CMC and computes, therefrom, required velocity and 
other initial conditions required by CMC for execution 
of AV maneuver. Targeting parameters include time of 
ignition (TIG) and impulsive AV along CSM local 
vertical axes at TIG. P30 displays, to flight crew 
and MSFN, certain specific dependent variables associ- 
ated with desired maneuver for approval by flight 
crew/MSFN. 


OL6T Ate LT 


CMC - on (req), 4.8.1.3 
ISS ~ on & orient known (desired), ISS must be on and its orientation known to obtain 


ayeq esueyy 


4.8.1.3 & 4.14 middle gimbal display (step 5). 


Key V3TE 30E At this point, P30 sets TRACK and UPDATE flags. 


(Z)-f-II YOOE-€O-VeNs 


FL V06 N33 
GETI, stored OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


MOOGANVH SNOILVYAdO OTTOdV 


Accept Red GETI 
PRO 
Reject V25E, load desired GETI 


aseq 


FL VO6 N81 (AV compnts) Stored AV components along local vertical axes at 
AVX, Y, Z (lel vert XXXX.X FPS GETI. If P30 for estimating perilune, load N81: 
at GETI) +00000 
+00010 
+00000 


4.12.1.1 (P30) EXTERNAL DELTA V PRETHRUSTING 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


624-4 


OL6T ATnue Lr "dd Ctseg 


ayeq esueyy 


aseg 


Of qm 


STA/T STEP PROCEDURE 


~59:359 


Accept PRO 
Reject V25E, load desired data 


4 FL VO6 Nk2 (calculated thrust parameters) 
Ha XXXX.X NM 
Hp XXXX.X NM 
AV (req) XXXX.X FPS 


Coord parameters with MSFN 
(if available) 


Accept PRO 
Reject Reselect P30 or P27 
Load new parameters 


5 FL V16 nus 
Mrks (VHF/opt ) XXBXX MKS 


TF GETI (next burn) XXBXX MIN-SEC 


MGA (next burn) 


2,140 


PRO option resets UPDATE flag and sets external AV 
flag. 


Altitudes above launch pad radius if earth orbit or 
above lunar radius at most recently defined landing 
site. Measurements limited to 9999.9 NM. Calculated 
Ha and Hp in P30 considerably in error for long burns 
and should be ignored because parameters computed 
(assuming an impulsive AV) at time of ignition along 
CSM local vertical axis. AV magnitude of impulsive 
AV vector at GETI. 


Number. of marks processed by R22. Two most signifi- 
cant. digits display VHF ranging marks. Two least 

significant digits display optics marks [either SXT 
or backup optics (COAS) marks]. Optics mark counter 


does: not. distinguish between backup and primary marks. 


Constraint: R2 cannot be >59B59 at this point. If 
TF GETI >59 min 59 sec, display limited. For full 
time to ignition display, use N35. 


MGA displayed as -00002 at this point if IMU not on 
and orientation known (REFSMMAT flag reset). Other- 
wise, MGA at GETI displayed if CSM +X axis aligned 
with initial thrust direction. 


(P30) EXTERNAL DELTA V PRETHRUSTING 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGAINVH SNOILVUYRdO OTTIOdV 


(2)-f-II WOoTd-Co-Vens 


OL6T Atne Lr eC Ctseg 


eyeq edueuy 


aseg 


TER~h 


PROCEDURE 


Red values 
PRO 
Align GDC to IMU, 4.8.4.6 


6 FL V37 If average G on, ROO turns off average G, and zeros 


4,12.1.1 


Key XXE rendezvous mark and VHF ranging mark counters. 
Otherwise, counters not zeroed. ROO also sets or 
resets RNDZ, TRACK, and UPDATE flags, depending on 
which programs in progress or called. ROO may 
recycle into P20 under certain conditions. 


Go to 
(PhO) G&N/SPS Thrusting, 4.13.2.1 


(P41) G&N/SM RCS Thrusting, 4.13.2.2 
SCS Thrusting, 4.13.3 


(P52) IMU Realign, 4.14.1.2 IMU realign should be selected if MGA unsatisfactory 
in step 5. 


MOOGANVH SNOILVYaAdO OTTOdV 
(2)-f£-II WOoOTa-€o-Vens 


(P30) EXTERNAL DELTA V PRETHRUSTING 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM ha Sie eruargsic] 


. 


OL6T 4tmr LT =F" OS Pa 


eyeq esueyd 


aseg 


ASE at 


STA/T STEP PROCEDURE 


CMP 


4.12.1.2 (P37) Return to Earth Program 


CMC - on (req), 4.8.1.3 

ISS - on & orient known (desired), 
4.8.1.3 & 4.1h 

SCS - on (desired), 4.8.4.2 

DAP Data Load - complete (req), 4.8.2.1 

(P30) External AV Prethrusting (if 
desired), 4.12.1.1 


1 Key V37E 37E 


2 FL V06 N33 (GETI) 


Accept Red GETI 
PRO 
Reject V25E, load desired values 


(P37) RETURN TO EARTH PROGRAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Computes return-to-earth trajectory for CSM from 
outside lunar sphere of influence at TIG. P37 
computes and displays preliminary series of 
parameters based on conic trajectory and crew- 
specified time of ignition, maximum change in 
velocity, and entry angle. Upon acceptance, P37 
computes and stores target parameters for use by PhO 
or Phl. P37 not restart protected and must be 
reselected if a restart occurs. P37 assumes no 
MSFN contact required. 


Provides two modes of operation: fuel critical 
and nonfuel critical. Nonfuel critical mode can 
be used to move landing site by adjusting maximum 
change in velocity. 


Desired to provide MGA display (step 10). 


Ground elapsed time of ignition. 


panes Semi 


MOOGANWH SNOILVUAdO OTTOdV 


oL6T Atme Lr "CA seg 


ayeq esueyo 


aseg 


cenmy 


STA/T STEP 


PROCEDURE 


CMP 3 FL VO6 N60 


4.12.1.2 


Blank 
V Pred 


XXX.XX DEG 


Red R2 value 
PRO 


V22E, V23E, or V25E 
Load desired values 


Poss PROG alarm (comp problem) 
FL VO5 NO9 

00605 (solution does not 
converge; excessive 
iterations ) 

00612 (state vector in 
wrong sphere of 
influence ) 


V32E 
RSET, return to 2 


2] Re and R3 initially 00000. 


Maximum allowable change in velocity. To compute 
fuel critical trajectory, zeros should be loaded in 
Re. If slowdown desired, load negative value. 


Flight path angle between inertial velocity vector 
and local horizontal at entry interface altitude, 
65.8 NM (400,000 feet). Minus indicates flight 
path below horizontal plane. If zero~loaded in R3, 
computation solved to hit center of entry corridor. 
Otherwise, computation solved to hit angle entered. 


Record R2 for subsequent use. Both input scaler 
(desired AV) and output scaler (entry velocity) use 
VPRED register of N60. Therefore, original AV 


input no longer in N60. R2 of N56 contains 
magnitude of original input. 


(P37) RETURN TO EARTH PROGRAM 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOPAINVH SNOILVUAdO OTTOdV 


(Z)~f-II WOold-f0-vens 


a3yeq DIseg 


OL6T AThL LT 


ayeq esueyo 


aseg 


qeqmH 


STA/T STEP PROCEDURE PANEL REMARKS 


or FL V37 
Key VO5 NO9E (to verify 
alarm) 

20607 (no solution 
from time theta or 
time radius routine) 

20610 (state vector at 
TIG <400K feet) 


KEY REL 
37E, return to 2 


4 FL VO6 N61 (entry data) 
Impact Lat (+N) XXX.XX DEG 
Impact Long (+E) XXX.XX DEG 
Blank 


Accept Red values 
PRO 
Reject V32E, return to 


5 FL v06 N39 
AT Trans OOXXX. HRS Time required for transfer from GETI to time of 
OOOXX. MIN entry at 65.8 NM (400,000 ft) above Fischer 
OXX.XX SEC ellipsoid. 


Accept Red values 
PRO 
Reject V32E, return to 


6 FL Vo6é N60 
Blank 
V Pred 
Gamma EI 


(P37) RETURN TO EARTH PROGRAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVUAdO OTTOdV 


(2)-f-II WOOTd-€0-Vens 


STA/T STEP PROCEDURE 


Accept Rcd values 
PRO 
Reject V32E, return to 2 


93eq cIseg 


7 FL VoO6 N81 (AV compnts) 
AVX, Y, Z (lel vert XXXX.X FPS 
at GETI) 


Crew option 
Key N4OE 
TF GETI XXBXX MIN-SEC 
VG XXXX.X FPS 
AV (accum) XXXX.X FPS 


OL6T AtIne LT 


Red VG (1cl vert vel to be gained) 
KEY REL 


ajyeq esueyo 


Accept Red N81 values 
PRO 
If first pass, recycle to 4 


Poss PROG alarm (comp problem) 
FL VO5 Nog 
00605 (solution does not 
converge; excessive 
iterations ) 
00613 (re-entry angle 
out of limits) 


MOOGANVH SNOILVEAdO OTTOdV 
(2)-f-II WOOTH-€0-VeNS 


aseg 


Key V32E, return to 2 


SER 


4.12.1.2 (P37) RETURN TO EARTH PROGRAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


OL6T 4tne LT FC Cseg 


ajeq esueyD 


eased 


9EN~H 


STA/T STEP PROCEDURE 


CMP 


8 FL VOk NO6 (propul code) 
00007 (option code) 
0000X (CMC assumed option) 
Blank 


Accept PRO 
Go to 9 

Reject V22E, load desired option 
Recycle 8 


9 FL VO6 N33 
GETI OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 
Red data 
PRO 


10 FL V16 N45 (mmvr data) 
Mrks (VHF/opt ) XXBXX MKS 
TF GETI XXBXX MIN-SEC 
MGA XXX.XX DEG 
If IMU not aligned 
R3 ~00002 


PRO 


ll FL V37 
Key XXE 


Go to Thrusting, 4.13 


CMC initially sets 00001 in R2 to indicate data 


intended for SPS thrust (P40). 00002 indicates RCS 
(Ph1). DAP Data Load should be complete before PRO. 


External AV flag reset at this point. 


Marks (VHF/optics) not meaningful to this program. 


MGA (+) at TIG if CSM +X axis aligned with initial 
thrust direction. 


If average G on, ROO turns off average G and zeros 
rendezvous mark and VHF ranging mark counters. 
Otherwise, counters not zeroed. ROO also sets or 
resets RNDZ, TRACK and UPDATE flags, depending on 
which programs in progress or called. ROO may 
recycle into P20 under certain conditions. 


(P37) RETURN TO EARTH PROGRAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HOOPAINVH SNOILVWUAdO OTTOdV 


(2)-f£-II Wotd-co-yens 


sara =< I 


4.12.2 RENDEZVOUS PRETHRUSTING 


ajeq orseg 


4,12.2.1 (P32/P72) Co-elliptic Sequence P32 Co-elliptic Sequence Initiation (CSM active) or 

Initiation P72 Co-elliptic Sequence Initiation Targeting (LM 
active) calculates parameters associated with CSI and 
with either P33 or P73 Constant Delta Altitude (CDH) 
AV Maneuvers. 


Successful completion dependent upon assumptions: 

a. Prescribed angle (E) exists at selected GETI 
(TPI). 

b. GETI (CDH) -GETI (CSI), and GETI (TPI) -GETI 
(CDH), each >10 minutes. 

ce. CSI burn parallel to passive vehicle orbital 
plane (crew may modify), impulsive, and in 
active vehicle horizontal plane. 

d. CDH maneuver minimizes AH variations and 
resulting Hp >85 for EO or >5.8 NM for LO. 

e. Computed variables may be stored for later 
MSFN verification. 


ol6t AtMe LT 


ayeq osueyy 


P32 or P72 may be performed concurrently with P20. 
If P20 operating, optic sighting marks on LM may be 
initiated by keying VSTE (R21) or VS4E (R23) and 
referring to 4.11.2.1, steps 5-7 or 8-10, respec- 
tively. Also if P20 operating, VHF ranging data 
state vector update may be initiated by configuring 
for VHF AM Ranging Mode, 4.5.6.6, and keying V87E. 


MOOPANVH SNOILVUAdO OTTOdV 


eded 


Keying V34E terminates P32 or P72 at any flashing 
display. 


LEQmH 


4.12.2. (P32/P72) CO-ELLIPTIC SEQUENCE INITIATION 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


NORMAL’BACKUP. 


(2)-f-II WOOTH-CO-Vens 


STA/T STEP PROCEDURE 


CMC - on (req), 4.8.1.3 


o4yeq oIseg 


ISS - on & orient known (desired), 
4.8.1.3 & bal 


CMP 1 Key V3TE 32E/72E 


2 FL V06 Nill 
GETI (CSI) OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Accept Red GETI (CSI) 
PRO 
Reject Key V25E 
Load desired GETI (CSI) 


eyeq esueyy 


3 FL V06 N55 
N 


aseg 


Bent 


Required if P20 running and automatic state vector 
update desired and, if P32, for meaningful MGA u.aplay 
during final N45 display (step 8). 


Future active vehicle apsidal crossing (perilune or 
apolune). Should load to define future crossing at 
which CDH maneuver should occur; e.g-, 00001 = first, 
00002 = second, etc. 


MOOPAUNVH SNOILVUAdO OTTIOdY 
(2)-f-II MOOTd-€0-vens 


Elevation angle at GETI (TPI). 


Initially 00000 (except for recycle from step 5) and 
used by CMC as an option code. If any nonzero value 
loaded in R3, CMC calculates CDH parameters for GETI 
(CDH) at N (180°) from CSI maneuver where N specified 
by value set in Rl. 


(P32/PT2) CO-ELLIPTIC SEQUENCE INITIATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


OL6T ATne LT 2"C tse 


93eq eZueyD 


aseg 


6ER~N 


STA/T STEP 


Accept Red data 
PRO 
Reject Key V25E 
Load desired data 


h FL VO6 N37 
GETI (TPI) OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Accept Red GETI (TPI) 
PRO 
Go to 8 
Reject Key V25E 
Load desired GETI (TPI) 


5 CMC Computes CSI & CDH parameters 


Poss FL VO5 NO9 

00600 no solution of LOS 
at TPI 

00601 post CSI Hp <5.8 NM 
(<85 NM for EO) 

00602 post CDH Hp <5.8 NM 
(<85 NM for EO) 

00603 CDH -CSI <10 min 

00604 TPI -CDH <10 min 


MOOGANVH SNOILVUYAdO OTTOdV 
(Z)~-£-II WOTTI-CO-Vens 


or Computed GETI (CDH) >input 
GETI (TPI) in step 4 


00605 no solution & CMC 
iterations >15 


4.12.2.1 (P32/P72) CO-ELLIPTIC SEQUENCE INITIATION 


: MENTATION TEAM 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCU NORMAL BACKUP 


STA/T STEP PROCEDURE 


00606 CSI AV >1000 fps 2,140 
(for two consecutive 


a}eq cIseg 


iterations) 


Key V32E 
Return to 2 


FL V06 N75 
A Alt (CDH) 
AT (CDH -CSTI) 
AT (TPI -CDH) 
Red values 
PRO 


OL6T ATONE LT 


6 FL V06 N81 
AVX, Y, Z (1cl vert) 


ayeq esueyy 


Accept Rcd values 
PRO 
Reject Key V25E 
Load desired values 


7 FL V06 N82 
AVX, Y, Z (1cl vert) 


Red values 
PRO 


eseg 


8 FL V16 Nh5 
Mrks 


Onn 


To adjust input parameters. 


Maximum reading (displayed) in R2 and R3 is 59B59. 
Only minutes and seconds displayed although time 
computation done in hours, minutes, and seconds. 
Computed CDH and TPI times can be determined by 
calling N13 and N37, respectively. 


CMC calculated components of AV (in local vertical 
coordinates) for CSI. 


To modify AV (local vertical) to correct for out of 
planeness, key V9OE (R36). Use data obtained from 
R36 to determine desired AV (local vertical). 
Modification will not impact N82 of step 7. 


CDH velocity components based on original CSI values 
of step 6, and cannot be written over. 


Number of marks processed by R22. Two most signifi~ 


cant digits display VHF ranging marks. Two least 
significant digits display optics marks [either SXxT 
or backup optics (COAS) marks]. 


(P32/P72) CO-ELLIPTIC SEQUENCE INITIATION 


mo 


g- 2 Siete 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HOOPANVH SNOILVYAdO OTTOdV 


(2)“f-II WOOTE-CO-VveNs 


OL6T ATne JT ed Mtseg 


ayeq esueyyd 


a3eg 


THA 


STA/T STEP 


roo rd 


TF GETI (CSI) XXBXX MIN-SEC 2,140] Time from CSI ignition. Maximum reading is 59B59. 


MGA 


Or 


Toc 


-, before; +, after. 


-—0000X -00001 for other than final pass. 
-00002 for final pass (and IMU not aligned if P32). 


IMU ALIGNED & P32 +XXX.XX DEG Middle gimbal angle (yaw): 

+XXX.XX DEG for final pass and IMU aligned (if +X 
axis aligned to initial thrust direction). 
ontinue mrk process 


Key V32E 


Re 


or To t 


turn to 5 


erm mrk process & do fnl pass 


thru prog 


or Afte 


9 FL V37T 
Key 


4.12.2.1 


PRO 
Return to 5 


r fnl pass thru prog 
PRO 


ROO. 
XXE 


(P32/P72) CO-ELLIPTIC SEQUENCE INITIATION 
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MOO@AGNVH SNOILVUAdO OTTOdV 


. NORMAL BACKUP 


(Z)-£-II XOOId~-€0-VenS 


OL6T Atne JT "dC Cseg 


ayeq esueyy 


aseg 


aint 


STA/T STEP 


CMP 


PROCEDURE 


4.12.2.2 (P33/P73) Constant Delta Altitude P33 Constant Delta Altitude (CSM active) or P73 LM 


Constant Delta Altitude Targeting (LM active) computes 
parameters associated with CDH maneuver. Successful 
completion dependent upon prior completion of P32 for 
P33, or P72 for PT3. 


P33 or P73 may be performed concurrently with P20. | 
If P20 operating, optic sighting marks on LM may be 
initiated by keying V57E (R21) or VS54E (R23) and 
referring to 4.11.2.1, steps 5-7 or 8-10, respec- 
tively. Also if P20 operating, VHF ranging data state 
vector update may be initiated by configuring for VHF 
AM Ranging Mode, 4.5.6.6, and keying V87E. 


Keying V34E terminates P33 or P73 at any flashing 
display. 


CMC - on (req), 4.8.1.3 


ISS ~ on & orient known (desired), 


Required if P20 running and automatic state vector 
4.8.1.3 & Wilh desired and, if P33, for meaningful MGA display 
during final N45 display in step 5. 


P33 or P73 computations based upon GETI (TPI), and 
elevation angle (E) defined in P32 or P72. 


1 Key V37E 33E/73E 


2 FL V06 N13 
GETI (CDH) 


(P33/P73) CONSTANT DELTA ALTITUDE 


Kooy Pa a ros 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HMOOPANVH SNOILVYAdO OTTOdV 


(2)"f-II WOOTd-€0-Vens 


ajyeq viseg 


oL6T ATnNL LT 


ayeq esueyy 


ase 


ety 


STA/T STEP 


Accept 


Reject 


PROCEDURE 


Red GETI (CDH) 


Load desired GETI (CDH) 


3 CMC computes CDH parameters 


Poss FL V05 NO9 
00611 (No GETI for given E) 
PRO, go to FL VO6 N75 


or Key V32E, return to 2 


FL VO6 N75 
4 Alt (CDH) XXXX.X NM 
AT (TPI -CDH) XXBXX MIN-SEC 


AT (TPI -TPI) XXBXX MIN-SEC 


Red values 


PRO 


k FL Vo6 N81 
AVX, Y, Z (lel vert) 


4.12.2.2 


Accept 


Reject 


Red values 

PRO 

Key V25E 

Load desired values 


To force GETI (CDH) solution. 
To adjust input parameters. 


Maximum reading (displayed) in R2 and R3 is 59B59. 
Only minutes and seconds displayed although time 
computation done in hours, minutes, and seconds. 


TPI computed minus TPI computed in P32 or PT2. TPI 
time, computed in P33 or P73, can be determined by 
calling N37. 


CMC calculated components of AV (in local vertical 
coordinates) for CDH. 


To modify AV (local vertical) to correct for out of 
planeness, key V9OE (R36). Use data obtained from 
R36 to determine desired AV (local vertical). 


(P33/P73) CONSTANT DELTA ALTITUDE 
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are pe os ce 


MOOMAGNVH SNOILVUAdO OTTIOdV 


(Z)-f£-II WOOTH-E€0-VenS 


STA/T STEP PROCEDURE PANEL REMARKS 


CMP 5 FL V16 N45 
Mrks Number of marks processed by R22. Two most signifi- 
cant digits display VHF ranging marks. Two least 
significant digits display optics marks [either SXT 


ajeq iseg 


5 or backup optics (COAS) marks]. 
ay 
E TF GETI (CDH) XXBXX MIN-SEC Time from CDH ignition. Maximum reading is 59B59. 
Po -, before; +, after. . 
‘o 
Oo 
3 MGA -0000X -00001 for other than final pass. tr 
-00002 for final pass (and IMU not aligned if P33). a 
a 
4 Or IMU ALIGNED & P33 +XXX.XX DEG Middle gimbal angle (yaw): 8 8 
é +XXX.XX DEG for final pass and IMU aligned (if +X [py & 
o axis aligned to initial thrust direction)... é » 
'w) To continue mrk process 4 
Lo Key V32E <; 
e Return to 3 9 
aa 
or To term mrk process & do fnl pass d, 
thru prog Sy ne 
PRO 3 Li 
Return to 3 ve] 
oO 
or After fnl pass thru prog Q 
J PRO 
Pd 
0a 
Md 6 FL V37 
Key XXE 
Pa 
i 
B mod 
Pa 
Fa 


(P33/P73) CONSTANT DELTA ALTITUDE 
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OL6T Ate LT "Ca Csea 


azeq edueyy 


Sqm yh 


STA/T STEP PROCEDURE 


4,12.2.3 (P34/P74) Transfer Phase Initiation 


CMC - on (req), 4.8.1.3 


ISS - on & orient known (desired), 


4.8.1.3 & 4.14 
Key V37E 34E/74E 


FL V06 N37 
GETI (TPI) 


4.12.2.3 


OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


P34 Transfer Phase Initiation (CSM active) or PT LM 
TPI Targeting (LM active) calculates required AV and 
other initial conditions required by CMC for CSM 
execution (P34), or by LGC for LM execution (P37), 
of TPI maneuver, given: 
a. Time of ignition, GETI (TPI), or elevation 
angle (E) of active-to-passive LOS at GETI 
(TPI). 
Central angle of transfer (CENTANG) of passive 
vehicle from GETI (TPI) to time of intercept. 
oe GETI (TPI) given E, or E given GETI 
TPI). 


P34 or P74 may be performed concurrently with P20. 
If P20 operating, sighting marks on LM may be 
initiated by keying V57E (R21) or V54E (R23) and 
referring to 4.11.2.1, steps 5-7 or 8-10, respec- 
tively. Also if P20 operating, VHF ranging data 
state vector update may be initiated by configuring 
for VHF Ranging Mode, 4.5.6.6, and keying V87E. 


Required if P20 running and automatic state vector 
desired and, if P34, for meaningful MGA display 
during final N45 display (step 8). 


(P34/P74) TRANSFER PHASE INITIATION 
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MOOGANVH SNOILVUddO OTTOdV 


— 
@ | STA/T STEP PROCEDURE PANEL 
i 
O | CMP Key V25E 2,140 | Load desired GETI (TPI) if CMC computation of E 
* Load desired GETI (TPI) desired. For a specified value of E and CMC 
Red GETI (TPI) computation of GETI (TPI), load an initial value of 
H PRO GETI (TPI). Loaded value should be within 30 minutes 
oa of actual. i 
ey 3 FL V06 N55 
a Integration method and number of precision offset > 
in computations desired. NN initially 0. 'g 
e) 
=] 
- Elevation angle. 5 
2) 
2 Central angle of passive vehicle from GETI (TPI) to O 
» time of intercept. tg 
é Accept Red CENTANG & E by 
oO 
: : 
bo bt 
o : fe) 
Load desired data Load desired NN in Rl: 0, conic integration; vA 
X, precision integration with (X) target offsets. a 
Desired E in R2, CMC computes GETI (TPI). +00000 in 3 
R2, CMC computes E, ] 
4 If E specified (CMC computes GETI) a 
Poss FL VO5 NO9 Q 
- 00611 (no GETI for given E) 
oa PRO 
Return to 2 (adj input 
parameters) 
c 
i 
& 
& 
ron 


(P34/P74) TRANSFER PHASE INITIATION 
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(Z)-f-II Woold-Co-vens 


a3eq otsey 


oL6T Ate LT 


eyeq esueyD 


aseg 


HAM H 


4.12.2.3 


FL VO6 N37 
GETI (TPI) OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Red GETI (TPT) 
PRO 
Go to 5 


or If +00000 specified for E (CMC computes E) 


FL V06 N55 
NN 0000x. 


XXX.XX DEG 
XXX.XX DEG 


AV (TPT) 


Integration method and number of precision offset 
computations desired. 


CMC computed E. 


Perigee altitude above launch pad radius for earth 
orbit, or perilune altitude above landing site radius 
for lunar orbit, after TPI maneuvers. Display 
meaningless if Hp >9999.9 NM. 


HMOOGANVH SNOILVURdO OTTOdV 


Required impulsive AV to accomplish TPI maneuver 
at GETI (TPI). 
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(P34/P74) TRANSFER PHASE INITIATION 


Wm SORNAL BACKUP 


(Z)-fII NOOT-C£O-VeNs 


oL6t Atmr Lt 9" PTSPeE 


a1eq esgueyo 


aseg 


BAH 


STA/T STEP 


AV (TPF) 


Red data 
PRO 
If not fnl pass, go to 7 


6 FL VO6 N81 (fnl pass only) 
AVX, Y, Z (1cl vert) 


Accept Red AV (1cl vert 
PRO 

Reject Key V25E 
Load desired AV 


7 FL VO6 N59 
AV. 1, 2, 3 (LOS) 


Red AV (LOS) 
PRO 


8 FL V16 N45 
Mrks 


TF GETI (TPI) 


MGA 


XXXX.X FPS 


) 


(1e1 vert) 


XXXX.X FPS 


XXBXX MIN-SEC 


-0000X 


2,140 | Required impulsive AV to accomplish intercept 


maneuver (TPF) at calculated time of intercept. 


To obtain central angle of active vehicle, key 
VO6 N52. 


Required impulsive AV components in active vehicle 
local vertical coordinates. 


To modify AV (1cl vert) to correct for out of 
planeness, key V9OE (R36). Use data obtained from 
R36 to determine desired AV (local vertical). 


Required impulsive AV components in an orthogonal 
coordinate system oriented along CSM to LM LOS in 
P34, or along LM to CSM LOS for PT4. (For complete 
definition, refer to GSOP section 5.4.2.2 of R577.) 


Number of marks processed by Rendezvous Data 
Processing Routine, R22. Two most significant digits 
display VHF ranging marks. Two least significant 
digits display optics marks [either SXT or backup 
optics (COAS) marks]. 


Time from ignition. Max reading is 59B59. -, before; 
+, after. 


-00001 for other than final pass. 
-00002 for final pass (and IMU not aligned in P3h). 
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OL6T ATue Lt Fd Ctsed 


ayeq esueyyn 


asdeg 


6na-y 


PROCEDURE 


Or IMU ALIGNED & P3h 


To continue mrk process 
Key V32E 
Return to } 


or To term mrk process & do 
thru prog 
PRO 
Return to 4 


or After fnl pass thru prog 
PRO 
If P74, xmit all mnvr 
to LM 


9 FL V37 
Key XXE 


4,12.2.3 
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+XXX.XX DEG 


fnl pass 


parameters 


2,140] Middle gimbal angle (yaw): 
+XXX.XX DEG for final pass and IMU aligned (if +X 
axis aligned to initial thrust direction). 


(P34/P74) TRANSFER PHASE INITIATION 


MOOGANVH SNOILVUAdO OTTOdV 


NORMAL BACKUP 


(Z)-f£-II NOOIE-€0-VeNS 


OL6T Atne {tT eC Vise 


e3yeq esueys 


aseg 


OSn~t 


4.12.2.4 (P35/P75) Transfer Phase Midcourse 


CMC - on (req), 4.8.1.3 
If P35 - P34 (complete), 4.12.2. 
If P75 - P74 (complete), 4.12.2.4 


ISS - on & orient known (desired), 
4.8.1.3 & 4.14 


CMP 1 Key V37E 35E/T5E 
Go to 4 


2 FL VO06 N81 (fnl pass only) 


AV X, Y, Z (1[cl vert) | XXXX.X FPS 


Red AV (lel vert) 

PRO 

Key V25E 

Load desired AV (1cl vert) 


Accept 


Reject 


P35 Transfer Phase Midcourse (CSM active) or P75 TPM 
Targeting (LM active) calculates required AV and 
other initial conditions required by CMC for CSM 
(P35), or by LGC for LM (P75), execution of next 
midcourse correction of transfer phase. 


P35 or P75 may be performed concurrently with P20. 
If P20 operating, sighting marks on LM may be 
initiated by keying V57E (R21) or VS54E (R23) and 
referring to 4.11.2.1, steps 5-7 or 8-10, respec- 
tively. Also if P20 operating, VHF ranging data 
state vector update may be initiated by configuring 
for VHF Ranging Mode, 4.5.6.6, and keying V87E. 


Time of intercept computed and stored by P34 (PT) 
required for P35 (P75) computations. Type of inte- 
gration (conic or precision) and number of offsets 
determined by P34 (P74) computations. 


Required if P20 running and automatic state vector 
desired and, if P35, for meaningful MGA display 
during final N45 display (step 4). 


Required AV components in active vehicle local 
vertical coordinates. 


To modify AV (local vertical) to correct for out of 
planeness, key V9OE (R36). Use data obtained from 
R36 to determine desired AV (local vertical). 
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OL6T 4tne LT 2" Stseg 


ajyeq esueyd 


ased 


TSR-t 


‘| STA/T STEP 


CMP 3 FL VO6 N59 


AV 1, 2, 3 (LOS) XXXX.X FPS 


Red AV (LOS 
PRO 


4 FL V16 Nhs 


4.12.2.4 


Mrks 


TF GETI (TPM) 


MGA 


Or IMU ALIGNED & P35 +XXX.XX DEG 


PROCEDURE 


Required impulse AV components in an orthogonal 
coordinate system oriented along CSM to LM LOS (P35) 
or along IM to CSM LOS (P75). (For complete 
definition refer to GSOP section 5.4.2.3 of R577.) 


To obtain active vehicle central angle, key VO6 N52. 


Number of marks processed by R22. Two most signifi- 
cant digits display VHF ranging marks. Two least 
significant digits display optics marks [either SXT 
or backup optics (COAS) marks]. 


XXBXX MIN-SEC Time from ignition (update at l-second intervals). 
Max reading is 59B59; -, before; +, after. GETI 
(TPM) recomputed as Tnow +A (+B for P75) for each 
recycle and again when final pass selected (PRO). 
Value of A (B for P75), stored in erasable memory , 
may be changed by using procedure 4.8.1.11, by P27 
update, or by prelaunch erasable load. 


-0000X -00001 for other than final pass. 
~00002 for final pass (and IMU not aligned in P35). 


Middle gimbal angle (yaw): 
+XXX.XX DEG for final pass and IMU aligned (if +X 
axis aligned to initial thrust direction) 


To continue mrk process 


Key V32E 


Return to 3 


(P35/P75) TRANSFER PHASE MIDCOURSE 
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a3eg 
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STA/T STEP 


PROCEDURE PANEL 


or To term mrk proced & do fnl pass 
thru prog 
PRO 
Return to 2 


or After fnl pass thru prog 
PRO 
If P75, xmit all mnvr 
parameters to LM 


5 FL V37 
Key XXE 
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5 


ayeq edueyo 


ased 


ESn~t 


STA/T STEP 


4.13 


— 1 


For general G&C operating data, refer to operating 


THRUSTING 


4.13.1 VEHICLE PREPARATION 


(Proced not designated "req" are optional) 


1 For orb change 


Obtain update from MSFN 
Gas Separator Cartridge Prep (req) 
Remove separator from water pistol & 
stow temporarily in LEB stowage bag 
Assure separator on food prep unit 
secured with bayonet locks 
Install outlet cap on food prep unit 
separator 
SPS & SM RCS Checks, 4.5.2.1 & 4.5.2.2 
EPS DC & AC Checks, 4.5.3.3 & 4.5.3.4 
Press Suit Ckt & PGA Check at 5.0 psia, 
4.5.4.9 (if req) 
C&WS Oper Check, 4.5.5.1 
CMC Self Check, 4.8.1.7 
DSKY Condition Lt Check, 4.8.3.1 


If undocked from LM 
Dry tunnel 


AV Test & Null Bias Check, 4.7.6.1 


2 For deorbit or lunar ret 


4.13.1 


Deorbit or Lunar Ret Veh 
Prep, 4.15.1 (req) 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


notes 4.6.1. 


If necessary, absorb water with towel. Condensed 


MOOGANVH SNOILVUAdO OTTOdV 


moisture in tunnel rains on crew during thrusting. 


In-flight verification of X-axis accelerometer output, 
AV indicator, SPS THRUST light, and thrust cutoff 


relay. in. EMS. 


THRUSTING 


NORMAL/BACKUP 


‘(Z)-feII WOOTE-€0-VeNS 


oL6t tne Lt 27°C Ose 


ayeq esueyy 


aseg 


ASH 


STA/T STEP PROCEDURE 


4.13.2 G&N THRUSTING 


4.13.2.1 (PO) G&N SPS Thrusting 


CMC - on (req), 4.8.1.3 


ISS - on & orient known (req), 4.8.1.3 & 


41h 
SCS - on (req), 4.8.4.2 


Test C/W lamps 


DAP - load & activate, including ull 


sel, 4.8.2.1 


Computes preferred CSM attitude and IMU orientation 
for SPS thrust. 


Calculates and displays gimbal angles which would 
result if present IMU orientation used for thrust in 
preferred vehicle attitude (function of R60 computa- 
tions). Crew then decides whether to thrust at 
present IMU orientation or to reorient IMU using 
P52/P54. 


Maneuvers CSM to thrust attitude (R60); controls GNCS 
during SPS thrust countdown, ignition, thrust, and 
thrust termination; and allows residual steering 
error trimming. 


G&C circuit breakers on all panels should be closed 
except as defined in Limited Use Controls, 4.6.4. 


SPS trim values should be reviewed now for use at 
beginning of P4O in computing preferred IMU orienta- 
tion and final vehicle attitude. SPS trim values are 
updated during CMC-controlled burn. If a roll jet 
fails on during SPS thrust, an appreciable roll 
excursion (=30°) may occur. PITCH-YAW DAP will 
continue to function properly. 


(PhO) G&N SPS THRUSTING 


= 


ES * a 
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(2)-fII WooTa-€0-vens 


STA/T STEP PROCEDURE 


WARNING 


93eq dIseg 


Experiments must be retracted 
prior to SPS thrust. Prevents 
poss boom or track structural 
failure. 


Gamma ray & mass spectrometer booms, & 
map camr tracks - retracted (req), 
4.18.3.2, 4.18.3.4, & 4.18.3.6 

If experiments S163 & S166 not complete 
Pan camr boost mode - on (req), 

4.18.9.1, step 1 
Map camr stby mode - on (req), 
4.18.12.2, step 1 
Prethrust prog (req), 4.12 
Veh prep (req), 4.13.1 


OL6T ATRL LT 


a3yeq esueyy 


AV Setup, 4.7.6.2 
OPT ZERO ~- ZERO (verify) Prevents optics drift during TVC use of OCDUs. 


2 Key V37E OOE POO updates state vector periodically. 


3 Key V37E 4OE TFI available (prior to step 10) by keying V16 N35E 
or V16 N4OE. 


HOOGANVH SNOILVWUYAdO OTIOdV 
(2)-f-II wOOTE-€0-veNnsS 


Poss PROG alarm (4.8.1.16) R02. If no alarms at this point (after R02 exited), 
CMC computes initial thrust direction and initial 
value of VG (local vertical), computes preferred IMU 
orientation, and sets PFRATFLG (preferred attitude 
flag) and stores desired attitude for use in R60. 
Final attitude computed in R60, gimbals trimmed for 
initial thrust, and 0.5-degree deadband set in RCS 
DAP. 


aseg 


SSq-H 


Liiseesl (PhO) G&N SPS THRUSTING 
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STA/T STEP 


PROCEDURE 


4 If VG disp desired 


CMP 


Key VO6 N81E 
VGX, Y& Z XXXX.X FPS 
(1lcl vert at GETI) 


(R60, Attitude Maneuver ) 


5 FL V50 N18 (sel CMC - auto) 


R, P, ¥ XXX.XX DEG 


Establish tot att disp, 4.7.2.5 


Accept BMAG MODE (3) - RATE 2 


CMC Att Cont - auto, 4.7.1.6 
PRO 

Reject Sel desired Att Cont, 4.7.1 
Mnvr to thrust att 
ENTR - Go to 7 


6 Auto mnvr 


CDR , CMP 


vVO6 N18 (fnl att) 
Re P. XXX.XX DEG 


Mon FDAIs 
If RHC used or SCS sel, go to 7 


(P40) G&N SPS THRUSTING 
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Display available until average G turned on (GETI 
minus 30 seconds). 


Maneuvers CSM to attitude stored in P4O. Maneuver 
performed automatically by G&N, or manually with 
an optional final automatic G&N-controlled trim 
maneuver. 


Desired final gimbal angles. 


Both FDAIs should be selected to provide redundant 
displays. 


Prevents BMAGs from hitting stops during maneuvers. 


PRO initiates auto maneuver without reviewing final 
gimbal angles. If review desired prior to auto 
maneuver, reject option should be selected. If 
desired, attitude set control panel can then be set 
to final gimbal angles to provide attitude error 
information for completion of maneuver manually if 
G&N fails. 


Angles obtained from a VECPOINT calculation. 
Maneuver rate is as last defined by DAP load. 


CSM began maneuver to final attitude when PRO keyed 
in step 5. Refer to 4.6.1.3, note lb. 


HOOGANVH SNOILVYAdO OTTOdV 
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STA/T STEP 


CMP 


PROCEDURE 


7 FL V50 N18 (att trim enbl) 


R, P, Y XXX.XX DEG 


8 Ign prep 


CAUTION 


If either bat bus A(B) current fails 
to incr after cycling MN BUS TIE sws, 
configure bats to mn buses using cb 
BAT C TO BAT BUS A(B) & cb MNA(B) 

BAT C as necessary. 


MN BUS TIE BAT A/C - on (up) 
Verify bat bus A current incr 
&/or bat volt decr 
MN BUS TIE BAT B/C - on (up) 


Final trim maneuver should be considered essential 
to SPS AV attitudes. Display of final gimbal angles 
remains in registers. Final attitude trim maneuver 
performed after gimbal drive and trim check. 


Sets up nontime-critical switching required for 
thrust. If necessary for deorbit, MSFN dumps and 
rewinds tape recorder, and changes to HBR. 


Assumes reconfiguration BAT C to MNA(B) for orbit 
change; BAT A(B) and BAT C to MNA(B) for deorbit. 


Verification of current increase for appropriate 
battery bus via DC AMPS indicator (panel 3) confirms 
successful operation of main bus tie motor switches. 


aseg 


LSKmH 


MN BUS TIE BAT A/C and B/C switches at on provide two 
batteries on line for orbit change if cb MNA & B BAT C 
(2). + open, or three batteries on line for deorbit and 
entry if circuit breakers closed (panel 275). 


Verify bat bus B current incr 
&/or bat volt decr 


MOO@AGNVH SNOILVUAdO OTTOdV 
(Z)-f"II WOOTA~CO~VeWNS 


SPS He VLV tb (both) - bp 
SPS He VLV (both) - AUTO 
RHC PWR DIR (both) - OFF 
SC CONT ~ CMC 

CMC MODE - AUTO 


Barber pole indicates helium isolation valves closed. 


4.13.2.1 (PLO) G&N SPS THRUSTING 
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aseg 
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STA/T STEP 


PROCEDURE 
SCS TVC (2) - RATE CMD 


BMAG MODE (3) - ATT 1/RATE 2 
RATE — LO 

ATT DBD - MIN 

TVC GMBL DR (2) - AUTO 


9 Gmbl drive & trim check 


cb SPS PITCH 1 BAT A - close (verify) 
cb SPS YAW 1 BAT A ~ close (verify) 
TVC. SERVO PWR 1 ~ AC1/MNA 

TVC SERVO PWR 2 ~— AC2/MNB 

THC PWR - on (up) 

RHC PWR NORM 2 — AC 


RHC 2 — ARMED 
GMBL MOT Pl & Yl - START 


Auto switchover check 
THC ~— CW 
RHC - verify no MTIVC cont 
GMBL POS ind (4) - no motion 


Sec TVC check 
GMBL MOT Pe & Y2 -— START 
Confirm & set trim cont 
SPS GMBL tw (2) - + & - 
Set to c.g. trim values 


1] Provides rate damped manual TVC as backup to G&N, if 


THC - CW. SCS auto or MTVC acceleration command 
optional, but less desirable backup modes. 


PITCH and YAW GMBL caution/warning lights (panel 2) 
indicate overcurrent to actuator motors. 


Remain closed from launch through first SPS thrust 
and closed again for each subsequent SPS thrusting. 


Opens RHC 2 (commander's) breakout switch (dc 
circuits) to prevent attitude maneuvers through CMC 
during MIVC checks. During burn, RCS DAP disabled 
at SPS engine ignition (TFI = 0). 


START position is momentary. Also refer to 4.6.1.1, 


note ll. 
Enables MTIVC and switches TVC to channel 2. 


Verifies TVC switches from channel 1 to channel 2 
(which is off) when THC CW selected. 


START position is. momentary. 
Verifies secondary gimbal trim control. 


Trim values obtained from. DAP Data Load (4.8.2.1) or 
MSFN. 
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4.13.2.1 


PROCEDURE 


RHC 2 — Verify MIVC 


THC - neut 
RHC PWR NORM 2 — AC/DC 


Accept Complete auto att trim 


BMAG MODE (3) - RATE 2 
Align CSM in roll 

CMC Att Cont - Auto, 4.7.1.6 
PRO 

Returns to VO6 N18 disp of 6 


Sel desired Att Cont, 4.7.1 
Verify/mnvr to thrust att 
(V62E for tot att err disp) 
RHC PWR DIR (both) — MNA/MNB 


MAN ATT (3) - RATE CMD 
RATE - HI 


BMAG MODE (3) - ATT 1/RATE 2 


If RATE 1 AV planned 
BMAG MODE PITCH - RATE 1 
BMAG MODE YAW - RATE 1 


or BMAG MODE (in axis) - 
RATE 1 


Gimbals drive in response to RHC movement and return 
to set-in values when RHC neutral. Verifies control 
of secondary MIVC loops through RHC. Gimbals move 
proportional to RHC deflection since MIVC integrator 
not enabled until engine ignition. 


Accept and reject options refer to attitude trim 
enable flash N50 N18 in step 7. 


Does not imply that any previous checks need be 
repeated for each trim enable. 


Enables manual direct RCS for overriding an auto 
RCS roll failure during thrusting. 


If MIVC required, RATE - HI bypasses noise problem 
in SCS gyro assemblies because of thrusting vibration 
levels, which can cause spurious RCS roll jet firings. 


RATE 1 AV should be used for burns where angular 
change >15° or if gyro assembly 2 failed. 
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aseg 


O9n=K 


STA/T STEP 


PROCEDURE 


Align GDC to IMU if DSKY display option recommended because of its avail- 


necessary, 4.8.4.6 ability - only need to set ATT SET thumbwheels to DSKY 
values and defer alignment until just prior to thrust. 


Check boresight star 
ENTR (exit R60) 


10 FL V50 N25 
00204 (CMC 


Accept PRO 
Mon GMBL drive seq 


-prtcH->| ~— yaw—e] 


Reject ENTR If gimbal test sequence not desired, gimbals drive 


GMBL drive test) Manual drive, trim and MIVC check accomplished 
before CMC gimbal drive test enabled (PRO keyed). 


TRIM 


8 10 (at 16 sec) 


MOOGAGNVH SNOILVUddO OTTOdV 
(Z)-f-II NOOTH-CO=VENS 


GMBLs drive to trim position to trim 4 seconds after ENTR keyed. 


11 vo6 Nho 
TF GETI 
VG 
AV (accum) 


(after 4 sec) 


XXBXX MIN-SEC TF GETI max reading is 59B59. Sign minus before 
XXXX.X FPS nominal GETI, plus after. Event Timer will not 
XXXX.X FPS agree with Rl if GETI was slipped. 
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ase 


TOA-H 


STA/T STEP 


PROCEDURE 


CDR 12 2-min countdown 


4.13.2.1 


Report TF GETI = 2 min 
FDAI SCALE - 5/5 

AV THRUST A(B) - NORM 
THC — ARMED 

RHC (both) - ARMED 


(R41, State Vector Integration) 


If PROG 1t.- on, CMC slipped TIG 
DSKY R1 continues count to former TIG 


DSKY clears at new TIG -35 sec 
COMP ACTY 1t - out (exit R41) 


DSKY clears 

vo6 NO (ave G on) 

Check AV (accum) for PIPA bias 
R3 <0002.0 FPS 

If orb change 
UP TLM CMD - RSET then NORM 
PCM BIT RATE -— HI 


TAPE RCDR FWD - FWD 
EMS MODE - NORM 


Guarded. 


May illuminate between TIG -42.5 and -35 seconds. 
TIG slipped delta amount as required by CMC to 
complete state vector integration. 


Static display, with COMP ACTY 1t flash every 
2 seconds. 


G&N controlled burns unreliable if R3 >0002.0 


MOOGANVH SNOILVUYAdO OTTOdV 
(Z)-f-II WOOTE-E0~VeNS 


4.6.1.1, note 9. 


(PLO) G&N SPS THRUSTING 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM . 
NORMAL BACKUP 


STA/T STEP PROCEDURE 


ayeq Diseg 


Ferform ull if req 


XXKRAXKAARAARAKAAKKXKKXXXXKKXKXK 
x x 


No ull 
DIR ULL pb ~— push, hold 
RHC - cont att 


x x 
XXKXEXKARKAKA KKK XKRKXKXXRXKXXAXXXKXXKXKX 


OL6T 4tne LT 


-00:05 

CMP 13 FL V99 NkO (eng enbl) 
TF GETI XXBXX MIN-SEC 
VG XXXX.X FPS 
AV (accum) XXXX.X FPS 


eqeq eBueyy 


Accept PRO 

Go to 14 

ENTR, go to 16 as req & 17 
Man trim with RCS 


Reject 


eseg 


V34E 
FL V37 
Key XXE 


cON-h 


| Otherwise counters not zeroed. 


CSM/LM or 


No ullage required if sump tanks full. 
CSM 2 or 4 jet ullage times defined in SNA-8-D-027 
CSM Data Book, Vol I. Retain ullage for =1 second 
after ignition. Exact velocity change nof critical - 
only a steady ullage to gettle SPS propellants. 


Direct ullage inhibits pitch and yaw auto RCS. 
tain attitude within deadband limits. 


CMC changes VO6 to V9° ut retains previous display 
in registers. Do not exercise extended verb or moni- 
tor displays for extended periods during TVC; these 
displays can override a FL V9T NkO (low thrust) dis- 
play. Override indicates CMC thinks engine off, 
steering stopped (including cutoff computations), and 
attitude hold established. 


If ENTR option selected, post SPS burn switching in 
step 16 must be accomplished. 


If average G on, ROO turns off average G, zeros 
rendezvous mark and VHF ranging mark counters. 
ROO also sets or 


resets RNDZ, TRACK, and UPDATE flags, depending on 
which programs in progress or called. 
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Main-— 


MOOGANVH SNOILVYRdO OTTOdV 


(2)-P-II 3o0TE=€o-veNS 


9}eq oiseg 


OL6T Atme LT 


a3eq esueyy 


aseg 


EOn~H 


STA/T STEP PROCEDURE 


CDR 14 Ign 
00:00 SPS THRUST 1t - on 


CMP VoO6 N4O 
TFC XXBXX MIN-SEC 


VG (decr) 
AV accum (incr) 


XXXX.X FPS 
XXXX.X FPS 


AV ind - decr 


Poss PROG alarm 
Key VO5 NOSE (to verify 


alarm) 
01407 (VG incr) 
IGN+1 sec 
CDR Discontinue ull 


IGN+2 to 
5 sec AV THRUST (2) - NORM (if desired) 


HAAAAAAAAAKAAAAKAAAAAAKAAKAXAAKAAARAY 


If no ign or premature shutdown 


Continue’ ull 
AV THRUST (2) ~ NORM 
Recycle 14 


4.13.2.1 
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If LM off, CMC will not accept V46 or V48 during TVC. 
If LM on, CMC will accept V46 as cue for low bandwidth 
mode (decreases control required response because of 


off-nominal bending moments). 


Time from engine cutoff. Sign (-) before cutoff, (+) 


thereafter. TFC display discontinuous for 4 to 
5 seconds after ignition. 


RCS X-axis translation discontinued by program 


2 seconds after engine-on command. RCS DAP disabled 


at ignition. 


Guarded. For dual bank operation. 


Engine restart should not be attempted within 


> seconds from initial ignition ~ avoids undesirable 


helium pressure excursions. 


Guarded. 


(PLO) G&N SPS THRUSTING 


MOOGANVH SNOILVYAdO OTTIOdV 


(2)~f-II NOOTI-E€0~vens 


NORMAL/BACKUP 


STA/T STEP 


or If FL V97 N4O (RKO) 21 Thrust failure routine (R40) called if CMC detects 
PRO - If thrust back on thrust failure during non-impulsive thrusting period. 


ayeq oIseg 


AV THRUST (2) - NORM 
Reorient to thrust att 


ENTR - Recycle to 13 


oL6T 4tnr LT 


Key V34E 
FL V37 
Key XXE 


or Sel SCS option 


ayeq esueys 


Discontinue ull 

SC CONT ~ SCS 

AV THRUST (2) - NORM 
scs Tvc (2) - AUTO 


Init ull 
THRUST ON pb — push 


eseg 


or SPS THRUST —- DIR ON 
IGN+1 sec Discontinue ull 


or Term mnvr 


If thrust decreases to some low level, VG and AV 
displays continue changing. If thrust actually 
terminates prematurely, VG and AV displays become 
static. 


If ENTR response to FL V97 N40, R1 (TFC) set to 
59B59. 


Terminates P4O and R40. 


SCS AV option selected to bypass as many failure 
modes as possible and provide minimum engine delay. 
Depending on duration of burn prior to failure, a 
motion transient could result if c.g. shifted 
significantly from GMBL thumbwheel values. 


Ullage and THRUST ON pushbutton required to satisfy 
SCS logic if SPS THRUST switch not at DIR ON. 


Lever lock. 


HOOPANVH SNOILVUATdO OTTOdV 


(Z)=fII ywoote-€o-vens 


HIN-H 


x x 
D6. 0.0.0.0.09 66 600000000600 900 000060000000 ¢ 
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OL6T Atne LT PF" Osea 


ayeq esueyy 


aseg 


SON-H 


STA/T STEP 


PROCEDURE 


15 Orb change SPS mon 


CDR 


Pe ind - 95-105 psia 


SPS INJ VLV ind (2 or 4) - OPEN 

SPS He VLV tb (both) - gray 

SPS FUEL & OXID PRESS ind (2) - 
170-195 psia 

SPS OXID UNBAL ind - mon 


FAKAAIAAAAAARKALKAKAAAAAKAKAKAKAAAAAR A 


SPS OXID UNBAL ind erratic, pegged 
or failed stationary 
PUG MODE — AUX 


SPS OXID UNBAL ind erratic, pegged 
or failed stationary in prim & 
aux modes 

PUG MODE — NORM 
SPS FUEL & OXID QTY ind (2) - 
mon 


SPS FUEL or OXID QTY ind erratic, 
pegged or failed stationary 
PUG. MODE. -. AUX 


SPS. FUEL or OXID QTY ind erratic, 
pegged or failed stationary in 
prim & aux modes 

PUG MODE - NORM 


x x 
XXXKXKXXXXXXKXXXXXXKXXXKXKXXXXXXXXXXXKXXXKXXX 


4.13.2.1 


1]65 to 125 percent green range on indicator corresponds 


to psia. Normal Pe range 95-105 psia. 


All four injector valves open for dual-bank operation. 


Gray indicates helium isolation valves open. 


Prior to crossover, maintain unbalance near value at 
which indicator first stabilizes after burn initia- 
tion. After crossover, maintain unbalance near zero. 


Selects auxiliary PUGS for SPS OXID UNBAL indication. 


OXID FLOW VLV INCR switch controls oxid/fuel mixture 
ratio to maintain SPS OXID QTY indicator within 
+0.4 percent of SPS FUEL QTY indicator. 


Probable loss of PUGS data. 


(PhO) G&N SPS THRUSTING 
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HMOOGANVWH SNOILVaadO OTTOdV 


(Z)-£-II WOOTE-€0-VZNS 


NORMAL/BACKUP 


OL6T tne LT 23% Otseg 


a3eq esueyo 


aseg 


99N-N 


STA/T STEP PROCEDURE 


OXID FLOW VLV INCR - as req 
SPS OXID VLV tb - verify 


FAA AAKAAA NAKA AK AAA AANA AAKAKAAKAAARAL 


No SPS OXID VLV tb response during 
flow adj 
OXID FLOW VLV INCR - NORM 
Wait 6 sec 
OXID FLOW VLV PRIM — SEC 
OXID FLOW VLV INCR - as req 
OXID FLOW VLV tb - verify 


No SPS OXID VLV tb response during 
flow adj in prim & sec modes 


CAUTION 


Do not use sec oxid flow viv with 
prim vlv functioning properly. 
Failure of sec viv could result 
in loss of prplnt mgmt capability. 


OXID.FLOW VLV INCR - NORM 
Wait 6 sec 

OXID FLOW VLV PRIM — PRIM 
OXID FLOW VLV INCR - as req 


x x 
XXXXKKKAKKAAANAAAKKKAKAXKXXAAARKXAXXAKXKAXAKKXX 


3 | Switch position determined by SPS oxidizer unbalance. 
Continue monitoring SPS OXID UNBAL indicator. 


Continue monitoring SPS OXID UNBAL indicator and 
control oxidizer flow with OXID FLOW VLV PRIM switch 
in SEC position until thrusting completed. 


Probable SPS OXID VLV talkback failure. 


SPS OXID UNBAL indicator trend may be used to confirm 
valve position. 
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MOOGANVH SNOILVUGdO OT1Odv 


(Z)-f-II Wootd-fo-vens 


OL6T tne LT 73"C Ose 


ayeq esueyo 


eased 


LON-N 


STA/T STEP PROCEDURE 


CAUTION 


If noncritical burn & AP >20 psi 
AV THRUST (2) — OFF 


16 Deorbit SPS mon 


Pe ind - 95-105 psia 


SPS INJ VLV ind (4) - OPEN 

SPS He VLV tb (both) - gray 

SPS FUEL & OXID PRESS ind (2) - 
170-195 psia 


CDR or 
CMP 17 FDAI ~- mon err & rates 1,2 


FPO AAIAAKAAAKA AA AAAAAA AAA A AX AAKAXAXXAAKH 


MTVC takeover 
THC - CW 
Maintain att cont man 


AV THRUST (2) - OFF 

Damp rates to IMU ball or out 
window 

Reorient & hold thrust att 

THC = CW 

AV THRUST A(B) - NORM 


4.13.2.1 
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AP between fuel and oxidizer should not exceed 20 psi 
during burn or degraded performance, rough combustion, 
and/or engine failure may result. 


SPS OXID unbalance indicator erratic for about 
25 seconds after ignition. 


65 to 125 percent green range on indicator corresponds 
to psia. Normal Pe range 95-105 psia. 


All four injector valves open for dual-bank operation. 
Gray indicates helium isolation valves open. 


Monitoring for possible required MTIVC takeover. 


Guarded. 


Guarded. 


(P40) G&N SPS THRUSTING 


MOOGANVH SNOILVaYadO OTTOdV 


NORMAL/BACKUP. 


(Z)"£f-II WOOTA-EO-VeNS 


STA/T STEP OCEDURE 


Init ull Ullage and THRUST ON pushbutton required to satisfy 
THRUST ON pb - push SCS logic if SPS THRUST switch not at DIR OF. 


ayeq olseg 


or SPS THRUST ~ DIR ON Lever lock. 


Fly MTVC (RATE CMD) 


AV THRUST B(A) - NORM (if desired) Guarded. For dual bank operation. 


OL6T 4tme LT 


Init ull Ullage and THRUST ON pushbutton required to satisfy 
THRUST ON pb — push SCS logic for second bank operation if SPS THRUST 
switch not at DIR ON. 
or SPS THRUST - DIR ON Lever lock. 


or Term mnvr 


ajeq efdueyD 


Roll att cont failure 
MAN ATT ROLL - ACCEL CMD ACCEL CMD position inhibits CMC roll commands and 
allows acceleration control of RCS auto coils with 
RHC. 


MOOMANVH SNOILVUAdO OTIOdV 
(2) "DRE. sogtEto~ves 


or AUTO RCS ROLL (8) ~ OFF 
Use dir cont 


xX. x 
SKK AKKAAXAKAAKARAKAXKAAKKKKAXAXAK 


eseg 


18 Mon SPS eng cutoff 


SPS THRUST 1t - out 


BINT NH 


(PhO) G&N SPS THRUSTING > 4 be us 
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ayeq VIseg 


STA/T STEP 


FL V16 N40 (eng cutoff) 
TFC (static at 2.5 
sec from cutoff) 

VG XXXX.X FPS 

AV (accum) XXXX.X FPS 


XXBXX MIN-SEC Time from cutoff. At cutoff +2.5 seconds, CMC sets 
wide deadband in RCS DAP. Then CMC switches from 


TVC DAP to RCS DAP at cutoff +3.1 seconds. 


CDR EVNT TMR ind - 59:59 (—) thrust duration 1] Timer normally counts down from 59:59. 


OL6T 4tne LT 


azeq edueyo 


aseg 


69n-h 


C/O+1 sec 


4.13.2.1 


AV THRUST (2) - OFF 
SPS THRUST - NORM (verify) 
Report eng off 

Pe = 0 
SPS INJ VLV ind (4) - CLOSE 
SPS He VLV tb (both) - bp 


GMBL POS ind (4) - servo null 


For postorbit change free drift 
BMAG MODE (3) - RATE 2 
CMC MODE — FREE 

GMBL MOT P2 & Y2 - OFF 

GMBL MOT Pl & Yl - OFF 


If MTVC 

THC - neut 
TVC SERVO PWR (both) - OFF 
If orb change 


cb SPS PITCH 1 BAT A - open 
cb SPS YAW 1 BAT A - open 
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Guarded. 
Lever lock. 


Barber pole indicates helium isolation valves closed. 


CMC removes TVC enable discrete (C/O indicated by 
TFC sign change and VG + 0). 


4.6.1.1, note 1l. 


To prevent possible reignition (if G&N thrust-on 
command still present), AV THRUST switches must be 
OFF prior to THC — neutral. 


(PLO) G&N SPS THRUSTING 


MOOPANWH SNOILVUAdO OTTOdV 


NORMAL BACKUP 


(Z)“P-II NOOTE-€0-VeNS 


aqeq oiseg 


OL6T Atne LT 


STA/T STEP 


If deorbit 
eb SPS PITCH (both) - open 
cb SPS YAW (both) - open 


EMS MODE - STBY 
If orb change 


PCM BIT RATE - LO 
Red AV ind 


4.6.1.1, note 9. 


PRO CMC sets minimum deadband in RCS DAP. 


Velocity to be gained resolved along CSM X, Y, and Z 
control axes (updated each computation cycle). 


19 FL V16 N85 (VG vetr compnt) 
VGX, Y, Z (cont) XXXX.X FPS 


If VG compnt to be nulled Optional. All AUTO RCS switches must be on for 


ayeq esueyyD 


aszeg 


OLn-y 


CMC MODE ~ AUTO or HOLD 
RHC/THC - null out VG compnt 
THC — neut, LOCKED 
If orb change 

RHC -— LOCKED 


If deorbit 
TAPE RCDR FWD - off (ctr) 


If R30 desired 
Key V82E 
Go to 20 


To term Pho 


— 


nulling residuals in 3 axis. 


CMC sets last specified RO3 deadband in RCS DAP. 
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HMOOPAUNVH SNOILVUAdO OTTOdV 


(2)-f£-II WOOTH-€0-veNs 


STA/T STEP PROCEDURE 


(R30, Orbital Parameter Display) 


ajeq oIseg 


CMP 20 FL V16 N44 
Ha XXXX.X NM 
Hp XXXX.X NM 


XXBXX MIN-SEC 


OL6T Atul LT 


If Hp >h9.4 NM/5.8 NM 
R3 = -59B59 


PRO (exit R30) 
Return to 19 


ayeq esueyo 


21 FL V37 


If orb change 
Key. XXE 
Set conts after tailoff 


azeg 


MN BUS TIE (2) - OFF . 


Thy 


4.13.2.1 
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(P40) G&N SPS THRUSTING 


Altitudes above launch pad radius (earth orbit) or 
lunar radius at most recently defined lunar landing 
site (lunar orbit). Parameter calculations yield 
reasonable results if vehicle close to earth or moon. 


Time of free fall to 49.4 NM (300,000 feet) above 
launch pad radius (earth orbit) or 5.8 NM 
(35,000 feet) above lunar radius at most recently 
defined lunar landing site (lunar orbit). 


If TFF = -59B59, time from perigee or perilune 
available via N32E. 


If average G on, ROO turns off average G, and zeros 
rendezvous and VHF ranging mark counters. Otherwise 
counters not zeroed. ROO also sets or resets RNDZ, 
TRACK, and UPDATE flags, depending on which programs 
in progress or called. Under certain conditions, ROO 
may recycle into P20. 


Monitor main bus voltage for maximum allowable 
(31 vde) during power down sequence. 


MOOGANVH SNOILVYAdO OTTOdV 


(Z)-f-II WOOTH-€0O-VveNS 


NORMAL/BACKUP 


e}yeq oiseg 


oL6t 4tmr LT 


ayeq eueyy 


aseg 


ely t 


STA/T STEP 


CDR 


PROCEDURE 


AXKIAAKXAAAKKAKARKRKKAKKAKXKXKXXKKXKXXXKXKXX 
x x 


If MN BUS TIE fail prior to thrust 


Leave MN BUS TIE BAT B/C(A/C) - 
on (up) 

Go to EPS SSR-2, BAT BUS A(B) 
reconfig for subsequent m 
bus ties 


Racx xxxxxxxXXXXXXAXXAAXAXXKXXAXAXAKKAAT 


or 


Red burn data 


EMS FUNC — OFF 
THC PWR — OFF 
RHC PWR DIR (both) - OFF 
If pan & map camr in stby mode 
PAN CAMR PWR — OFF 
MAP CAMR ON — OFF 
SM/AC PWR ~ OFF 
Chg bats, 4.5.3.5 
If last. MCC & lunar return, or 
TLI. abort 
Go to Deorbit or Lunar Return 
Veh Prep, 4.15.1, prior to 
entry 


If deorbit 
Red burn data 
Key 61E 
Go to CM/SM Sep, 4.15.2 


Circuit breakers used to reconfigure for subsequent 
bat bus operation and battery charging procedures in 
place of opening (known) good main bus tie motor 
switches. 


Recorded burn data should include AV accomplished and 
SPS propellant quantity remaining. 


Recorded burn data should include. AV. accomplished. 
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HOOPANVH SNOILVUAdO OTTOdV 


(Z)-f-II XOOTHCO=VeNS 


STA/T STEP 


4.13.2.2 


eyeq oiseg 


CMC 

Iss 
4, 

scs 


Test 
Pret 
Veh 
DAP 


oL6T Atue LT 


CDR 1 Set 


CMP 2 Key 


ajyeq esueyo 


3 Key 


assed 


PROCEDURE 
(P41) G&N SM-RCS Thrusting 


on (req), 4.8.1.3 

on & orient known (req), 
.1.3 & 4.14 

on (req), 4.8.4.2 


C/W lamps 
hrust prog (req), 4.12 
Prep (req), 4.13.1 
~ Load & Activate, 4.8.2.1 
EVNT TMR to read 00:00 at GETI 
V37E OOF 


V37TE h1E 


Poss PROG alarm (4.8.1.16) 


4 If VG disp desired 


Ke 


chant 


HeT3s2.2 


y VO6 N81E 
VGX, Y, Z XXXX.X FPS 
(Lel vert at GETI) 


Computes preferred CSM attitude and preferred IMU 
orientation for RCS thrust, and maneuvers CSM to 
thrust attitude (R60). 


G&C circuit breakers on all panels should be closed 
except as defined in Limited Use Controls, 4.6.4. 


POO updates state vector periodically. 


TFI available (prior to step 12) by keying V16 N35E 
or V16 NOE. 


RO2. If no alarms at this point (after R02 exited), 
CMC computes initial thrust direction and initial 
value of VG (local vertical), computes preferred IMU 
orientation, sets PFRATFLG (preferred attitude flag) 
and stores desired attitude for use in R60. Final 
attitude computed in R60 and 0.5-degree deadband set 
in RCS DAP. 


Display available until average G turned on (GETI 
minus 30 seconds). 
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MOOGANVH SNOILVUAdO OTIOdV 


| NORMAL/BACKUP 


(2) "feII WOOTH~EO~-VeNS 


OL6T tne Lt 27"C *tseg 


93eq esueyy 


aseg 


qLa-t 


sah om — a 


CMP 5 FL V50 N18 (sel CMC - auto) 2 
R, P, Y XXX.XX DEG Desired final gimbal angles. 
Establish Tot Att disp, 4.7.2.5 Both FDAIs should be selected to provide redundant 
displays. O 
2 
CDR Accept BMAG MODE (3) — RATE 2 1 | Prevents BMAGs from hitting stops during maneuvers. O 
CMC Att Cont - auto, 4.7.1.6 O 
CMP PRO 2} Initiates auto maneuver without a review of final rg 
gimbal angles. cg 
CDR Reject Sel desired Att Cont, 4.7.1 ¢ 
Mnvr to thrust att Ky 
CMP ENTR, go to 8 ra 
a 
6 Auto movr n 
VO6 N18 (fnl att) z 
R, P, Y XXX.XX DEG i 
oO 
CDR ,CMP Mon FDAIs 1,2] CSM began maneuver to final attitude when PRO keyed v8] 
If RHC used or SCS sel, go to 7 in step 5. ICDU drives to achieve final gimbal 5 
angles. Refer to 4.6.1.3, note lb. os 
CMP T FL V50 N18 (att trim enbl) 2] Step should be completed prior to TIG -2 minutes. 
R, P, Y XXX.XX DEG Display of final gimbal angles in registers. 
CDR Accept BMAG MODE (3) - RATE 2 1 


(R60, Attit.ue Maneuver) 


Maneuvers CSM to attitude stored in P41. Maneuver 
performed automatically by G&N, or manually with 
optional final automatic G&N controlled trim 
maneuver. 


CMC Att Cont ~ auto, 4.7.1.6 


(P41) G&N SM RCS THRUSTING 


€ 
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(Z)-fII WooTd-e0-vens 


STA/T STEP PROCEDURE 


PRO 
Returns to VO6 N18 disp of 6 


ajyeq oIseg 


Reject Sel desired Att Cont, 4.7.1 

Verify/mnvr to thrust att 

(V62E for tot att err disp) 

MAN ATT (3) - RATE CMD 

BMAG MODE (3) - ATT 1/RATE 2 

Align GDC to IMU if necessary, 
4.8.4.6 


OL6T Atne LT 


ENTR (exit R60) 


8 Mon VG disp 


VO6 N85 (VG vetr compnts) 
VGX, Y, Z (cont) XXXX.X FPS 


ayeq esueyo 


-05:00 
9 Ign prep 


CDR Check boresight star 
For X axis thrust 
THC PWR — on (up) 
If orb change 
AV Test & Null Bias Check, 4.7.6.1 


aseg 


AV Setup, 4.7.6.2 


SLa-h 


4.13.2.2 
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Does not imply that any previous checks need be 
repeated for each trim enable. 


All RCS channels required for 3-axis translation. 


DSKY display option recommended because of its 
availability - only need to set ATT SET thumbwheels 
to DSKY values and defer alignment until just prior 
to thrust. 


Components resolved along CSM axes, and updated 
at l-second intervals. 


Sets up nontime-critical switching required for 
thrust. : 


For deorbit thrust, check accomplished during EMS 
Entry Test, 4.15.1.3, if desired. 


Set to AV obtained from charts, P30, and/or MSFN. 


(Ph1) G&N SM RCS THRUSTING 


MOOGPANVH SNOILVYdAdO OTTOdV 


(Z)"£f-II WOOTI~tO~VeNS 


NORMAL/BACKLP 


STA/T STEP 


(R41, State Vector Integration) 


a7eq oIseg 


If PROG it ~- on, CMC slipped TIG 


DSKY clears at new TIG -35 sec 
COMP ACTY 1t - out (exit R41) 


DSKY clears 


OL6T 4tmL LT 


V16 N85 (ave G on) 


THC - ARMED 
RHC (both) - ARMED 
LIM CYCLE - OFF 
If deorbit 

TAPE RCDR FWD - FWD 
EMS MODE - NORM 


eyeq esueyy 


RCS thrust 
FL V16 N85 (requests null VG) 
VGX, Y, Z (cont) XXXX.X FPS 
Man null VG 


If R30 desired 
Key V82E 
Go to 13 


eseg 


To term Pll 
PRO 
Go to 14 


9LAmh 


2] May illuminate between TIG -42.5 and -35 seconds. 


DSKY Rl continues count to former TIG TIG slipped delta amount as required by CMC to 


complete state vector integration. 


Static display with COMP ACTY light flash every 
2 seconds. 


For SCS translations. 


4.6.1.1, note 9. 


Event Timer not valid if GETI slipped. 


Command manual translations and rotations to null VG 
components. 


CMC sets last specified RO3 deadband in RCS DAP. 


(Ph1) G&N SM RCS THRUSTING 


al e 
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(%)-f-II ywoold-to-vens 


ajyeq olseg 


PROCEDURE 


(R30, Orbital Parameter Display) 


CMP 13 FL V16 Nh4 


oL6T Atue LT 


ajyeq esueyy 


CDR 


CDR ,CMP 


LMP 
CDR 


aseg 


Ha XXXX.X NM 
Hp XXXX.X NM 


XXBXX MIN-SEC 


If Hp >49.4 NM/5.8 NM 
R3 = -59B59 
PRO (exit R30) 
Return to 12 


14 Thrust complete 


EMS MODE - STBY 
Red AV ind 
If orb change 
EMS FUNC ~- OFF 
THC PWR ~- OFF 
RHC (both) - LOCKED 
If deorbit 
TAPE RCDR FWD - off (ctr) 
THC - neut, LOCKED 


CMP 15 FL V37 


LLy-t 


hei 3c2s2 


R30 displays automatically updated at e-second 
intervals if called because average G still on. 


Altitudes above launch pad radius (earth orbit) or 
lunar radius at most recently defined lunar landing 
site (lunar orbit). 


Time of free fall to 49.4 NM (300,000 feet) above 
launch pad radius (earth orbit) or 5.8 NM 
(35,000 feet) above lunar radius at most recently 
defined lunar landing site (lunar orbit). 


If TFF = -59B59, time from perigee or perilune 
available via N32E. 


4.6.1.1, note 9. 


If average G on, ROO turns off average G, and zeros 
rendezvous and VHF ranging mark counters. Otherwise 
counters not zeroed. ROO also sets or resets, RNDZ, 
TRACK, and UPDATE flags, depending on which programs 
in progress or called. Under certain conditions, 
ROO may recycle into P20. 
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STA/T STEP PROCEDURE 


If orb change 
Key XXE 
If last MCC & lunar return, or 
TLI abort 
Go to Deorbit or Lunar Return 
Veh Prep, 4.15.1, prior to 
entry 


a3eq oIseg 


OL6T ATMEL LT 


or If deorbit 


Key 61E (if desired) P61 may be bypassed if hybrid or SCS deorbit. 
Go to CM/SM Sep, 4.15.2 


ayeq esueyy 


HMOOPANVH SNOILVUAdO OTTIOdV 
(2)-f-II WOOTE-E0-veNs 


aZeg 


gLanh 
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STA/T STEP PROCEDURE 


4.13.2.3 G&N Hybrid Deorbit Thrusting Computes preferred CSM attitude and preferred IMU 
orientation for RCS thrusting maneuver. Maneuvers 
CSM to thrusting attitude (R60), and provides suffi- 
cient displays for cutoff of both SM RCS burn followed 
by CM RCS deorbit burn. 


ejyeq o1seg 


CMC - on (req), 4.8.1.3 
ISS ~- on & orient known (req), 4.8.1.3 & 
41h 
SCS - on (req), 4.8.4.2 G&C circuit breakers on all panels should be closed 
except as defined in Limited Use Controls, 4.6.h. 


OL6t ‘tne LT 


Test C/W lts 

Prethrust prog (req), 4.12 

Veh Prep (req), 4.13.1 

DAP - Load & Activate, 4.8.2.1 


CDR 1 Set EVNT TMR to read 00:00 at GETI 


eyeq esueyD 


CMP 2 Key V37E 41E 


Poss PROG alarm (4.8.1.16) R02. If no alarms at this point (after RO2 exited), 
CMC computes initial thrust direction and initial 
value of VG (local vertical), computes preferred IMU 
orientation, sets PFRATFLG (preferred attitude flag), 
and stores desired attitude for use in R60. Final 


attitude computed in R60 and 0.5-degree deadband set 
in RCS DAP. 


aseg 


3 If VG disp desired Display available until average G turned on (GETI 
Key VO6 N81E minus 30 seconds). 
VGX, Y, Z XXXX.X FPS 
(lel vert at GETI) 


6LA-H 
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STA/T STEP PROCEDURE 


(R60, Attitude Maneuver) Maneuvers CSM to attitude stored in P4l. Maneuver 
performed automatically by G&N, or manually with an 
optional final automatic G&N controlled trim 
maneuver. 


oyeq oIseg 


4 FL V50 N18 (sel CMC - auto) 
R, P, Y XXX.XX DEG 


Establish Tot Att disp, 4.7.2.5 Both FDAIs should be selected to provide redundant 
displays. 


oL6T ATL LT 


Accept BMAG MODE (3) - RATE 2 Prevents BMAGs from hitting stops during maneuvers. 
CMC Att Cont - auto, 4.7.1.6 . 
PRO Initiates auto maneuver without review of final 
gimbal angles. 
Reject Sel desired Att Cont, 4.7.1° 
ENTR, go to 7 


ayeq esueyo 


5 Auto mnvr 
VO6 N18 (fnl att) 
R, P, Y 


1 CDR,CMP Mon. FDAIs CSM began maneuver to final attitude when PRO keyed in 
step 4. ICDU drives to achieve final gimbal angles. 
If RHC used or SCS sel, go to 6 Refer to 4.6.1.3, note lb. 


CMP 6 FL V50 N18 (att trim enbl) Step should be completed prior to TIG -2 minutes. 
R, P, ¥ XXX.XX DEG Display of final gimbal angles in registers. 


aseg 


Accept BMAG MODE (3) - RATE 2 
CMC Att Cont - auto, 4.7.1.6 
PRO, return to 5 


oh i 


G&N HYBRID DEORBIT THRUSTING 
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¢ [sara ome <= ed 
Me 
. Reject Sel desired Att Cont, 4.7.1 
o Verify/mnvr to thrust att 
o (V62E for tot att err disp) 
CDR MAN ATT (3) - RATE CMD 1 
be BMAG MODE (3) - ATT 1/RATE 2 DSKY display option recommended because of its 
é availability - only need to set ATT SET thumbwheels 
E, to DSKY values and defer alignment until just prior 
“<< to thrust. 
2 ENTR (exit R60) 
+) 
7, 7 Mon VG disp 
4 vo6é N85 (VG vetr compnts) 
> VGX, Y, Z (cont) XXXX.X FPS Components resolved along CSM axes and updated at 
5 l-second intervals. 
® LMP 8 Configure & preload bats Prepares for battery preloading prior to CM/SM 
is) separation and verifies batteries transferred to 
main buses. 
CAUTION 
If either bat bus A(B) current Assumes reconfiguration BAT A(B) and BAT C to MNA(B). 
fails to incr after cycling MN 
BUS TIE sws, configure bats to 
mn buses using cb BAT C TO BAT 
BUS A(B). 
Y MN BUS TIE BAT A/C - on (up) 5 
© Verify bat bus A current incr 3] Verification of current increase for appropriate 
&/or bat volt decr battery bus via DC AMPS indicator (panel 3) confirms 
MN BUS TIE BAT B/C - on (up) 2 | successful operation of main bus tie motor switches. 
Verify bat bus B current incr 3] MN BUS TIE BAT A/C and B/C switches at on provide two 
&/or. bat volt decr batteries on line if circuit breaker MNA & B BAT C 
= (2) - open, or three batteries on line for deorbit and 
1 entry if circuit breakers closed (panel 275). 
co 
ar 


4.13.2.3 G&N HYBRID DEORBIT THRUSTING 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM NORMAL/BACKUP 


HOOHANVH SNOILVYAdO OTTOdV 


(Z)"fII WOOT -t0-vens 


mops + 


soe: 
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aged 


ok 


STA/T STEP PROCEDURE 


-05:00 
CDR 


9 Ign prep Sets up nontime-critical switching required for 
THC PWR - on (up) thrusting. 


AV Setup, 4.7.6.2 Set to AV obtained from charts, P30, and/or MSFN. 


(R41, State Vector Integration) 


If PROG 1t ~ on, CMC slipped TIG 2] May illuminate between TIG -42.5 and -35 seconds. 
DSKY R1 continues counting to former TIG TIG slipped delta amount as required by CMC to 


DSKY clears at new TIG -35 sec complete state vector integration. 
COMP ACTY 1t - out (exit R41) 


DSKY clears 


V16 N85 (ave G on) Static display with COMP ACTY light flashing every 
2 seconds. 


RHC (both) - ARMED 

THC — ARMED 

LIM CYCLE — OFF For SCS translations. 
TAPE RCDR FWD — FWD 

EMS MODE - NORM 4.6.1.1, note 9. 


HMOOPANVH SNOILVURdO OTIOdyV 


SM RCS thrust 
FL V16 N85 (request null VG) Event Timer not valid if GETI slipped. 
VGX, Y, 2 (cont) XXXX.X FPS . 


Man null VG Command manual translation and rotation to null VG 
Mon DSKY, AV ind, & EVNT TMR components. 


G&N HYBRID DEORBIT THRUSTING 


Py eros 


ect on 
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a3yeq oIseg 


OL6t Atne LT 


ayeq esueyo 


aseg 


fBq-H 


STA/T STEP PROCEDURE 


Crew options 
v83 - R, R dot, 0 
v82 - Ha, Hp, TFF 


SM RCS thrust complete 
EMS MODE - STBY 4.6.1.1, note 9. 
Red DSKY, AV ind, & EVNT TMR values 
Reset EVNT TMR 
THC ~ neut, LOCKED 


Sel SCS Att Cont mode, 4.7.1 Separation follows immediately, preventing proper G&N 
DAP operation until entry DAP selected in P62. 


Perform Sep proced, 4.15.2 Separation at SM deorbit attitude saves time. Only 
one minute allowed between burns. 


Verify/mnvr to CM RCS deorbit att Both CM RCS systems should be enabled. CM RCS deorbit 
Rin eek an ee oe portion completed with +X axis ~70° below velocity 

vector (apex down and forward); =110° +pitch maneuver 

MAN ATT YAW, ROLL. -— RATE CMD from heads down, BEF, SM RCS portion of deorbit. 

MAN ATT PITCH - ACCEL CMD 

RATE — HI 

ATT DBD. — MIN 

RHC (both) - ARMED 

FDAI SCALE ~ 5/5 


MOOPANVH SNOILVYAdO OTTOdV 
(2)-f-II WOOTE-EO-VeNS 


Key V82E 
FL V16 NbY 
Ha XXXX.X NM Altitudes above launch pad radius. 
Hp XXXX.X NM 
TFF XXBXX MIN-SEC Time of free fall to 49.4 NM (300,000 feet) above 
launch pad radius. 


03.2.3 G&N HYBRID DEORBIT THRUSTING 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTAHION-TEAM 


NORMAL BACKUP 
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ayeq lIseg 


OL6T AtML LT 


ayeq esueyo 


eseg 


HOAmH 


STA/T STEP PROCEDURE 


CDR 18 EVNT TMR ind - SM RCS C/O +1 min 


EMS MODE - NORM 


RHC 1 - contin -pitch 

RHC 2 ~ pulse to maintain att in 
pitch axis 

Mon FDAT 


SAAAAEKAAAKAAAKALAAL KARA KAAARAAAAKAL, 


If only 1 RHC 
Pulse RHC + & - =5° pitch from 
pitch retro att, maintaining 
rates <3°/sec 


x x 
XKXXKKXXXXXXKKXAXKXKXXXXXKXKKXAXAXAXAXXAXAXKK 


Mon Hp & TFF on DSKY 


PRO 
FL V16 N85 
VGX, Y, Z (cont) XXXX.X FPS 


Thrust complete, AV ind = or 
EVNT TMR = 
PRO 
MAN ATT (3) ~ RATE CMD 
Red AV ind, DSKY, EVNT TMR 


One minute after SM RCS cutoff, start CM RCS burn. 


4.6.1.1, note 9. 


Negative pitch jets have =25 to 30 percent less 
authority than positive jets because of jet location 
and thrust direction relative to (M c.g. 


Monitor Event Timer for duration of thrust no greater 


than 02:10 for either single or dual system. 


Conserve 


CM RCS propellant reserves, 30 pounds each system for 
entry. AV indicator cutoff cue must be adjusted to 
account for EMS sensing axis (along X) being reversed 
from SM RCS burn and biased off ~70° from CM RCS 


velocity vector. 


G&N HYBRID DEORBIT THRUSTING 


(AVems = AVem Cos 70°). 
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OL16r Ate Jy I" OS Fa 


a3jeq osueuy 


aseg 


SNH 


sara oom a 


TAPE RCDR FWD - off (ctr) 


ATT DBD — MAX 


FL V37 
EMS MODE — STBY 1] 4.6.1.1, note 9. 
RHC (both) - LOCKED 


Sel Att Cont mode, 4.7.1 

Mnvr to entry att 
R noe ois Pp ‘gael Y aa 

Set up for CM RCS sys 1 Electrically isolates system 2 for entry. If problem 
AUTO RCS A/C ROLL (4) - OFF develops in system 1, disable affected channel and 
AUTO RCS CM 1 (6) - MNA or MNB use direct RCS control. 
AUTO RCS CM 2 (6) - OFF 


Go to G&N Entry, 4.15.3 


MOOGANVH SNOILVUYAdO OTTOdV 
(2)"f-II MOOTd~EO-VeNS 
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aqP-T OIseg 


OL6T ATne LT 


azyeq asueys 


assed 


ION- 


SAT om a 


CMP 


4.13.3 SCS THRUSTING 


4,.13.3.1 SCS SPS Thrusting 


CMC - on (desired), 4.8.1.3 CMC and ISS on, and orientation known, necessary for 


ISS - on & orient known (desired), P47 monitor. 

4.8.1.3 & Lik 

SCS ~ on (req), 4.8.4.2 G&C circuit breakers on all panels should be closed 
except as defined in Limited Use Controls, 4.6.4. 


WARNING 


Experiments must be retracted 
prior to SPS thrust. Prevents 
poss boom or track structural 
failure. 


Gamma ray & mass spectrometer booms, & 
map camr tracks - retracted (req), 
4.18.3.2, 4.18.3.4, & 4.18.3.6 

If experiments S163 & S166 not complete 
Pan camr boost mode - on (req), 

4.18.9.1, step 1 
Map camr stby mode - on (req), 
4.18.12.2, step 1 
Veh Prep (req), 4.13.1 


AV Setup, 4.7.6.2 
Key V37E. O0E 2| POO updates state vector periodically. 


3 Establish Tot Att disp, 4.7.2.5 To obtain telemetry on BMAG attitude error, FDAI SEL 


switch must be in 1 or 2 position (with SCS displays). 
4 SCS Att Mnvr to thrust att, 4.8.4.5 


SCS SPS THRUSTING 
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STA/T STEP 


a4yeq DIseg 


PROCEDURE 


5 Establish SCS Att Hold, 4.7.1.4 
CMP Check boresight star 


6 Ign prep 


OL6T Atne LT 


eyeq edueyn 


aseg 


SPS He VLV tb (both) - bp 
SPS He VLV (both) - AUTO 


CAUTION 


If either bat bus A(B) current fails 
to incr after cycling MN BUS TIE SWS, 
configure bats to mn buses using cb 
BAT C TO BAT BUS A(B) & cb MNA(B) 


BAT C as necessary. 


MN BUS TIE BAT A/C - on (up) 
Verify bat bus A current incr 
&/or bat voltage decr 
MN BUS TIE BAT B/C - on (up) 
Verify bat bus B current incr 
&/or bat voltage decr 


RHC PWR DIR (both) - OFF 
SCS TVC (2) - AUTO 

TVC GMBL DR (2) ~ AUTO 
AV CG - LM/CSM or CSM 
Establish Ull Sel, 4.6.1 


CMP 7 If P47 for thrust mon 


LEN-H 


W132 352 


Key V37E 47E 


Poss PROG alarm (4.8.1.16) 


Limit cycle, maximum deadband and low rate should be 
selected for propellant conservation. 


Sets up nontime-critical switching required for 
thrusting. 


Barber pole indicates helium isolation valves closed. 


Assumes reconfiguration BAT C to MNA(B) for orbit 
change; BAT A(B) and BAT C to MNA(B) for deorbit. 


Verification of current increase for appropriate 
battery bus via DC AMPS indicator (panel 3) confirms 
successful operation of main bus tie motor switches. 
MN BUS TIE BAT A/C and B/C switches at on provide 

two batteries on line for orbit change if circuit 
breakers MNA & B BAT C (2) - open, or three batteries 
on line for deorbit and entry if circuit breakers 
closed (panel 275). 


G&N monitoring highly desirable but not required. 
Refer to 4.8.1.6 for P47 description. 


ROe. 


SCS SPS THRUSTING 
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STA/T STEP 


OL6T 4tne Jt P7"C Ose 


oyeq esueyy 


assed 


B8a-t 


PROCEDURE 


FL V16 N83 
AVX, Y, Z (cont) XXXX.X FPS 


If desired 
Key N62E 
VI XXXXX. FPS 
H dot XXXXX. FPS 


H pad XXXX.X NM 


KEY REL (to return to N83) 


8 Gmbl drive & trim check 


TVC SERVO PWR 1 - AC1/MNA 

TVC SERVO PWR 2 - AC2/MNB 

eb SPS PITCH 1 BAT A - close (verify) 
cb SPS YAW 1 BAT A - close (verify) 
THC PWR - on (up) 

RHC PWR NORM 2 - AC 

RHC 2 - ARMED 


Prim TVC check 
GMBL MOT Pl & Yl -— START 


Verify trim cont on ind 


Auto switchover check 
THC -— CW 


RHC 2 ~- verify no MTIVC 
GMBL POS ind (4) ~ no motion 


Inertial velocity. 
Altitude rate. 


Altitude above pad radius (earth orbit) or landing 
site radius (lunar orbit). 


PITCH and YAW GMBL caution/warning lights indicate 
overcurrent to actuator motors. 


Remain closed from launch through first SPS thrust and 
closed again for each subsequent SPS thrusting. 


Opens RHC 2 (commander's) breakout switch de circuits 
to prevent loss of attitude reference. Prevents RCS 
jets from firing when RHC is used for MTVC check. 
Normally, IGN 1 signal disables RCS pitch and yaw 
channels 1 second after SPS engine ignition. 


4.6.1.1, note 11. 
START position is momentary. 


HOOPANVH SNOILVUAdO OTITIOdV 


Gimbals drive in response to thumbwheel movement. 
Verifies primary gimbal trim control. 


Verifies TVC control switches from channel 1. to 
channel 2 (which is off) when THC - CW selected. 


SCS SPS THRUSTING 
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aseg 


STA/T STEP 


PROCEDURE 


Sec TVC check 
GMBL MOT P2 & Y2 — START 
Verify trim cont 


Verify MIVC 
THC ~- neut 


SPS GMBL tw (2) - set & confirm 
fnl desired gmbl position 


9 RHC PWR DIR (both) — MNA/MNB 


RHC 2 — null att err 


ATT DBD = MIN 
RHC PWR.NORM (both) — AC/DC 
Check boresight star 


CMP 10 2-min countdown 


~02:00 
CDR 


Report TF GETI = 2 min 

FDAI SCALE - 5/5 

AV THRUST A(B) - NORM 

THC - ARMED 

LIM CYCLE - OFF 

If orb change 
UP TLM CMD — RSET, then NORM 
PCM BIT RATE ~ HI 

TAPE RCDR FWD — FWD 

EMS MODE -— NORM 


1 | START position is momentary. 


Verifies secondary gimbal trim control. 

Gimbals drive in response to RHC movement, and return 
to set-in values when RHC neutral. Verifies control 
of secondary MIVC loops through RHC. 


Gimbals trimmed in primary channel to thrusting 
values (SCS modes). 


Enables manual direct RCS for overriding a roll 
automatic RCS failure during thrusting. 


Needles can be used as error null reference during 
MTVC contingency takeover from automatic AV mode. 


Set to MIN as errors nulled. 


Guarded. 


4.6.1.1, note 9. 


SCS SPS TIRUSTINC 
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adeg 
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STA/T STEP PROCEDURE 


to Perform ull (if req) 
00:06 


HEKAAAKAHAAARARAAAAAAAAAKARAY 


No ull 
DIR ULL pb - push, hold 
RHC 2 - cont att 


4 x 
XXXXXXXXXKXXXXXXXXXXXKXXXKXXXKXX 


11 Orb change ign 
00:00 If ull present 
THRUST ON pb — push 
If no ull present 
THC - +X, hold 
THRUST ON pb - push 
SPS THRUST 1t - on 
IGN+1 sec RATE — HI 


Discontinue ull 


AV THRUST (2) - NORM (if desired) 


Init. ull 
THRUST ON. pb - push 


No ullage required if SPS sump tanks full. CSM/LM or 


CSM 2 or 4 jet ullage times defined in SNA~8-D-027 
CSM Data Book, Vol I. Exact velocity change not 
critical - only steady ullage to settle SPS 
propellants. 


Direct ullage inhibits pitch and yaw auto RCS 
control. Attitude should be maintained manually. 


Engine restart should not be attempted within 
5 seconds from initial ignition - avoids undesirable 
He pressure excursions. 


Provides ullage discrete to SCS. 


Bypasses noise problem in SCS gyro assemblies 
because of thrusting vibration levels and provides 
backup to auto selection of high rate in pitch 

and yaw TVC. 


For dual bank operation. 


Ullage and THRUST ON pushbutton required to satisfy 
SCS logic for second bank operation. 


SCS SPS THRUSTING 
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PROCEDURE 
BRRAXAXAAXAXXAKAXAALXAXAXAXKAXAAAARAAKE 


If no ign, or premature shutdown 


AV THRUST (2) - NORM 
Recycle 11 


SPS THRUST — DIR ON 
Recycle 11 


or Term mnvr 


x x 
RREKXXXXXXAXXXXXXXXXXXXXXXKXXXXXKKXKXKXXXX 


12 Deorbit ign 
0:00 SPS THRUST ~ DIR ON 


SPS THRUST 1t - on 
IGi+1] see RATE - HI 


aa aca 


If no ign 
AV THRUST (2) - NORM 
Recycle 12 


er Term mnvr 


x x 
XXXXXXXXKXXXXXXXKXXXXXKXXKXXX 


Discontinue ull 


IGM 
+2 to 5 
sec AV THRUST (2) - NORM 


4.13.3.1 


Lever lock. 


Engine restart should not be attempted within 
5 seconds from initial ignition to avoid undesirable 
He pressure excursions. 


Bypasses noise problem in SCS gyro assemblies 
because of thrusting vibration levels and provides 
backup to automatic selection of high rate in pitch 
and yaw TVC. 


Guarded. 


MOOGANVH SNOILVUAdO OTTOdV 
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STA/T STEP PROCEDURE 


13 Orb change SPS mon 
CDR Pe ind ~ 95-105 psia 


SPS INJ VLV ind (2 or 4) -— OPEN 

SPS He VLV tb (both) - gray 

SPS FUEL & OXID PRESS ind (2) - 
170-195 psia 

SPS OXID UNBAL ind — mon 


SPAKAAAAAAAAAAAAAAKAAAAAAAXXXAXKXAAXKAAF 


SPS OXID UNBAL ind erratic, pegged 
or failed stationary 
PUG MODE ~— AUX 


SPS OXID UNBAL ind erratic, pegged 
or failed stationary in prim & 
aux modes 

PUG MODE - NORM 
SPS FUEL & OXID QTY ind (2) - 
mon 


SPS FUEL or OXID QTY ind erratic, 
pegged or failed stationary 
PUG: MODE. - AUX 


SPS FUEL or OXID QTY ind erratic, 
pegged or failed stationary in 
prim & aux modes 

PUG MODE - NORM 


x 
RxxxxxxxxXXXXKAXAXXARKXXRXRKKAKAKKAKF 


65 to 125 percent green range on indicator corresponds 
to psia. Normal range 95-105 psia. 


All four injector valves open for dual~bank operation. 


Gray indicates helium isolation valves open. 


Prior to crossover, maintain unbalance near value at 
which indicator first stabilizes after burn initia- 
tion. After crossover, maintain unbalance near zero. 


Selects auxiliary PUGS for SPS OXID UNBAL indication. 


OXID FLOW VLV INCR switch controls oxid/fuel mixture 
ratio to maintain SPS OXID QTY indicator within 
+0.4 percent of SPS FUEL QTY indicator. 


Probable loss of PUGS data. 


SCS SPS THRUSTING 
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STA/T STEP PROCEDURE 


OXID FLOW VLV INCR - as req 
SPS OXID VLV tb - verify 


o3eq SIseg 


FPOAAALELAK AAA LAAAAAA KERALA ER AREAAR ARE 


No SPS OXID VLV tb response during 
flow adj 
OXID FLOW VLV INCR - NORM 
Wait 6 sec 
OXID FLOW VLV PRIM — SEC 
OXID FLOW VLV INCR - as req 
OXID FLOW VLV tb - verify 


OL6T AtTne LT 


No SPS OXID VLV tb response during 
flow adj in prim & sec modes 


a3eq edueyy 


CAUTION 


Do not use sec oxid flow vlv with 
prim vlv functioning properly. 
Failure of sec vlv could result 
in loss of prplnt management 
capability. 


OXID FLOW VLV INCR -— NORM 
Wait 6 sec 

OXID FLOW VLV PRIM - PRIM 
OXID FLOW VLV INCR - as req 


adeg 


x x 
XXXXXXXXXKXXXXXXXXXXXXXXXXXKXKXXXKXKXXKXXKXXX 


C6q~-h 


3 | Switch position determined by SPS oxidizer unbalance. 
Continue monitoring SPS OXID UNBAL indicator. 


Continue monitoring SPS OXID UNBAL indicator and 
control oxidizer flow with OXID FLOW VLV PRIM switch 
in SEC position until thrusting completed. 


Probable SPS OXID VLV talkback failure. 


SPS OXID UNBAL indicator trend may be used to confirm 
valve position. 


4.13.3.1 SCS SPS THRUSTING 
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“NORMAL/BACKUP. 
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seo 


a3eq asuey 


STA/T STEP PROCEDURE 


CAUTION 


a7eq oIseg 


If noncritical burn & AP >20 psi, 
AV THRUST (2) - OFF 
14 Deorbit SPS mon 


Pe ind - 95-105 psia 

SPS INJ VLV ind (4) - OPEN 

SPS He VLV tb (both) - gray 

SPS FUEL & OXID PRESS ind (2) - 
170-195 psia 


OL6T AThe LT 


CDR or 
LMP 15 FDAI - mon att err & rates 


FAA AAKAAAKAAA AA AKA ALAA AKA AAA AN ANN 


Orb change MTVC takeover 
Pitch & yaw err & rates abnormal 
AV THRUST (2) ~ OFF 
Damp rates to IMU ball or out 
window with RHC 


If no response 
Use. dir RCS & disable affected 
chan 


eseg 


non-H 


SCS SPS THRUSTING 


AP between fuel and oxidizer should not exceed 20 psi 
during burn or degraded performance, rough combustion 
and/or engine failure may result. 


Guarded. 


SPS OXID UNBAL indicator erratic for about 25 seconds 
after ignition. 


Gray indicates helium isolation valves open. 


Backup procedure bypasses maximum possible failure 
modes, thereby providing alternate means of completing 
burn without troubleshooting. 


MOO@ANVH SNOILVUAdO OTTOdV 


Since a failure causing abnormal TVC and RCS attitude 
control is not a failed-on jet, RCS disabling should 
be done with MAN ATT switch to ACCEL CMD rather than 
AUTO RCS switches OFF, thereby providing automatic 
RCS control for reorientation. 
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(Z)-f-II woold~Co-vews 


OL6E Aine it PF". Sea 


ayeq esueyo 


aseg 


SOR~" 


IGN+2 to 
5 sec 


4.13.3. 


or 


PROCEDURE 


If rate needle(s) sbnormal 
BMAG MODE — RATE 1 

Reorient to thrust att 

THC — CW 

AV THRUST A(B) - NORM 

Init ull 

THRUST ON pb - push 


or SPS THRUST ~ DIR ON 


Fly MTVC (rate emd) 


AV THRUST BCA) - NORM (if 
desired) 


Init ull 
THRUST ON pb - push 


or SPS THRUST - DIR ON 


Term mnvr 


x x 
XXXXXXXXXXXXKXXXXXKKXKKXXKXKXKXXKKKKXKXKXKXKXY XXX 


alae ae ie ai et ia raga 


Orb change roll. err & rates abnormal 


or 


& no roll att cont 


MAN ATT ROLL ~- ACCEL CMD 
RHC - cont roll rates 


AUTO RCS (16) - OFF 
Cont roll using dir RCS 


x x 
XXX XXXXXXXXXXXXXXXKXXXXKXKXXXKXXXXKXXXKXKXKXXX 


1 


SCS SPS THRUSTING 
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REMARKS 


Guarded. 


Lever lock. 


For dual bank operation. 


Ullage and THRUST ON pushbutton required to satisfy 
SCS logic for second bank operation if SPS THRUST 
switch not at DIP ON. 


Lever lock. 


MOOGCNVH SNOILVEadO OTTOdV 


(2)-f°II YOOTI~CO-Vews 


ajeq o1seg 


STA/T STEP PROCEDURE 


LANA AA ALE AAARAAA LEAKE AERA ENG 


Deorbit MIVC takeover 


If err & rates abnormal Backup procedure bypasses maximum possible failure 


OL6T Ate iT 


eyeq esueyo 


aseg 


964-1 


IGN+2 to 
5 sec 


x 
XAXXXKKXKXKKKXKXXKKXKXAXAKKKKKKKKXXXKXKAKKAKAKK 


AV THRUST (2) - OFF 

Damp rates to IMU ball or out 
window with RHC 

SPS THRUST — NORM 


If no response 
Use dir RCS & disable 
affected chan 


If rate needle(s) abnormal 
BMAG MODE ~— RATE 1 


Reorient to thrust att 
THC - CW 

AV THRUST A(B) - NORM 
Init ull 

SPS THRUST -— DIR ON 
Fly MIVC (rate cmd) 


AV THRUST (2) - NORM 


or Term mnvr 


x 


modes, thereby providing an alternate means of 
completing burn without troubleshooting. 


Lever lock. 

Since a failure causing abnormal TVC and RCS attitude 
control is not a failed-on jet, RCS disabling should 
be done with MAN ATT switch to ACCEL CMD rather than 


AUTO RCS switches - OFF, thereby providing automatic 
RCS control for reorientation. 


Guarded. 


Lever lock. 


Guarded. 


SCS SPS THRUSTING 
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PROCEDURE 


FXAAKAAAAKAAAAAAAKAAAAK EK AXAAARH 


a3eq oIseg 


Deorbit no roll att cont 
MAN ATT ROLL -—- ACCEL CMD 
RHC — cont roll rates 


5 
E or AUTO RCS (16) - OFF 
om Cont roll using dir RCS > 
rR x x yg 
x) XXXXXXXXXXXXXXKXXXKKKXKXXXKKXKKXK Q 
° 
16 Mon for SPS eng cutoff cue 5 
a AV ind - goes thru -0.1 For suspected AV indicator failures, utilize Event 5 
- &/or EVNT TMR ind - 59:59 (-) thrust Timer to terminate SPS thrust manually. Timer 9 > 
pe duration normally counts down from 59:59. 'e3| 2 
@ 
S AV THRUST (2) - OFF Guarded. s a 
t SPS THRUST - NORM Lever lock. mo 
e SPS THRUST 1t - out ome 
For postorbit change free drift as 
MAN ATT (3) - ACCEL CMD a 
Report eng cutoff E ~S 
Pe = 0 g ~ 
SPS INJ VLV ind (4) - CLOSE ty 
SPS He VLV tb (both) - bp Barber pole indicates helium isolation valves closed. g 
wv 17 Set cont after tailoff an 
og CMBL MOT P2 & Ye - OFF 1 Websaels note ll. 
: GMBL MOT Pl & Yl - OFF 
EMS MODE - STBY : 4.6.1.1, note 9. 
If orb change 
PCM BIT RATE - LO 
Red AV ind 
r- TVC SERVO PWR (both) - OFF 
S 
~] 


4.13.3.1 SCS SPS. THRUSTING 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


NORMAL/BACKUP. 


STA/T STEP PROCEDURE 


If orb change 
cb SPS PITCH 1 BAT A — open 
cb SPS YAW 1 BAT A —- open 
If deorbit 
cb SPS PITCH (both) - open 
eb SPS YAW (both) - open 
ATT DBD ~ MAX 
THC - LOCKED 
If deorbit 
TAPE RCDR FWD - off (ctr) 
If orb change 
RHC (both) - LOCKED 
RHC PWR DIR (both) - OFF 
(To re-zero registers, V32E) Provides capability to monitor another burn without 
going through ROO. 


ajeq 2Iseg 


oL6t 4tme LT 


PRO (exit P47) When P47 termination desired. 


ayeq ssueyy 


FL V3T7 
Key XXE 


If deorbit 
Go to CM/SM Sep, 4.15.2 


If orb change 
MN BUS TIE (2) - OFF 


x x 
If MN BUS. TIE fail prior to thrust 
Leave MN BUS TIE BAT B/C(A/C) - Circuit breakers used to reconfigure for subsequent 
on (up) bat bus operation and battery charging procedures in 
Go to EPS SSR-2 BAT BUS A(B) place of opening (known) good main bus tie motor 
reconfig for subsequent mn bus switches. 
ties 


aseq 


BOn-h 


SCS SPS THRUSTING 
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OL6T Atme LT 


ajeq esueyo 


eseg 


66n~ 


STA/T STEP 


4.13.3.1 


PROCEDURE 


EMS FUNC — OFF 
If pan & map camr in stby mode 
PAN CAMR PWR - OFF 
MAP CAMR ON —- OFF 
SM/AC PWR - OFF 
Charge bats, 4.5.3.5 
If last MCC & lunar return, or 
TLI abort 
Go to Deorbit or Lunar Return 
Veh Prep, 4.15.1, prior to 
entry 


SCS SPS THRUSTING 
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‘NORMAL/BACKUP 
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a3eq olseg 


AL6T 4TaLr LT 


ayeq eueyy 


eseg 


00S-% 


STA/T STEP 


4.13.3.2 SCS SM RCS Thrusting 


CMC - on (desired), 4.8.1.3 

ISS ~ on & orient known (desired), 
4.8.1.3 & 4.14 

SCS ~ on (req), 4.8.4.2 

Veh Prep (req), 4.13.1 

Key V3TE OOE 

Establish Tot Att disp, 4.7.2.5 


Sel desired Att Cont, 4.7.1 
Mnvr to thrust att 


Establish SCS Att Hold, 4.7.1.4 


Check boresight star 


For X-axis thrust 
If orb change 


AV Test & Null Bias Check, 4.7.6. 


AV Setup, 4.7.6.2 


If Pk]? for thrust mon 
Key V3TE 47E 


THIS SCANNED COPY IS PRO 


CMC and ISS on, and orientation known, necessary for 
P47 monitor. 


POO updates state vector periodically. 


All RCS channels required for 3-axis thrusting. 


Limit cycle, maximum deadband and low rate should 
be selected for propellant conservation until prior 
to thrusting. 


EMS can monitor only X-axis thrusting. 


1 For deorbit thrust, AV Test & Null Bias Check 
previously accomplished during Deorbit or Lunar 
Return Vehicle Preparation, 4.15.1, if desired. 


MOOPANVH SNOILVYAdO OTTOdv 
(Z)-fII WOOTE-E0-VENS 


G&N monitoring highly desirable, but not required. 
Refer to 4.8.1.6 for Ph7 description. 


SCS SM RCS THRUSTING wa 


a 


onal 


VIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


bd 
[stare ome PROCEDURE Sd 
2. 
e] Poss PROG alarm (4.8.1.16) R02. 
o 
wt 
¥ FL V16 N83 
= AVX, Y, Z (cont) XXXX.X FPS 
-~] 
ot If desired 
in Key N62E ‘ 
i VI XXXXX. FPS Inertial velocity. tg 
o H dot XXXXX. FPS Altitude rate. oO 
ro) r 
H pad XXXX.X NM Altitude above pad radius (earth orbit) or landing _ 
a site radius (lunar orbit). S 
2 KEY REL (to return to N83) 3 : 
fa BP] oO 
o 4 i 
w 
® 45 
RHC (both) ~ ARMED 532 
CDR THC - ARMED m 
ATT DBD - MIN it wa 
LIM CYCLE - OFF fy d, 
LMP If deorbit ne 
TAPE RCDR FWD - FWD 3 22 
CDR EMS MODE - NORM 1] 4.6.1.1, note 9. td 
Oo 
o 
A Perform thrust by manually nulling 
oq AV ind 
o 
EMS MODE ~ STBY 4.6.1.1, note 9. 
Red AV compnts 
If orb change 
ie EMS FUNC - OFF 
J | CDR LMP RHC (both) - LOCKED 
io) 
i od 


4.13.3.2 SCS SM RCS THRUSTING 
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OL6T AtTne LT 97eq Stseg 


a3yeq esueys 


ased 


Z0S~t 


STA/T STEP PROCEDURE 


THC - neut, LOCKED 
If deorbit 
TAPE RCDR FWD - off (ctr) 
(To re-zero registers, V32E) 2] Provides capability to monitor another burn without 
going through ROO. 


PRO (exit Ph7) 


FL V37 ROO turns off average G. 
Key XXE 


If. deorbit 
Go to CM/SM Sep, 4.15.2 


If last MCC & lunar return, or TLI abort 


Go to Deorbit or Lunar Return Veh 
Prep, 4.15.1, prior to entry 


SCS SM RCS THRUSTING 
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a}eq adueyo 


aseg 
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STA/T STEP PROCEDURE 


4.13.3.3 scs Hybrid Deorbit Thrusting 


CMC ~ on (desired), 4.8.1.3 

ISS - on & orient known (desired), 
4.8.1.3 & 4.1h 

SCS - on (req), 4.8.4.2 

Veh Prep (req), 4.13.1 


Key V37E OOF 
Establish Tot Att disp, 4.7.2.5 
Sel desired Att Cont, 4.7.1 
Mnvr to thrust att 
|; ene ts ena 6 


Establish SCS Att Hold, 4.7.1.4 


Configure & preload bats 


CAUTION 


If either bat bus A(B) current 
fails to incr after cycling MN 
BUS TIE sws, configure bats to 
mn buses using cb BAT C TO BAT 
BUS A(B). 


4,13.3.3 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM. 


This procedure can be utilized for a pure CM RCS 
deorbit by omitting steps 10 and 1l. 


CMC and ISS on, and orientation known, necessary for 
P47 monitor. 


POO updates state vector periodically. 


Thrusting attitude for SM RCS portion of hybrid burn 
is nominally a retrograde +X translation with heads 
down and BEF. 


Limit cycle, maximum deadband, and low rate should be 
selected for propellant conservation until prior to 
thrusting. 


Prepares for battery preloading prior to CM/SM 


separation and verifies batteries transferred to 
main buses. 


Assumes reconfiguration BAT A(B) and BAT C to MNA(B). 


SCS HYBRID DEORBIT THRUSTING 


MOOPANVH SNOILVaAAdO OTTIOdV 


(2)-f-II wooimd-€o-vewe 


pect 


STA/T STEP 


LMP 
-10:00 MN BUS TIE BAT A/C - on (up) 
Verify bat bus A current incr 
&/or bat voltage decr 
MN BUS TIE BAT B/C - on (up) 
Verify bat bus B current incr 
&/or bat voltage decr 


ajeq oIseg 


OL6T 4tMr LT 


-05:00 . 
CMP 6 Check boresight star 


T For X-axis thrust 
AV Setup, 4.7.6.2 


8 If Ph] for thrust mon 
Key V37TE 47E 


ayeq esueyD 


Poss PROG alarm (4.8.1.16) 


FL V16 N83 
AVX, Y, Z (cont) XXXX.X FPS 


If desired 
Key N62E 
VI XXXXX. FPS 
H dot XXXXX. FPS 


aseg 


H pad XXXX.X NM 


KEY REL (to return to N83) 


ROS—h 


SCS HYBRID DEORBIT THRUSTING 


Verification of current increase for appropriate 
battery bus via DC AMPS indicator (panel 3) confirms 
successful operation of main bus tie motor switches. 
MN BUS TIE BAT A/C and B/C switches at on provide two 
batteries on line if circuit breakers MHA & B BAT C 
(2) - open, or three batteries on line for deorbit 
and entry if circuit breakers closed (panel 275). 


If G&N inoperative, X axis only direction AV can be 
measured. 


G&N monitoring desirable but not required. Refer to 
4.8.1.6 for Pk7 description. 


R02. 


Inertial velocity. 
Altitude rate. 


Altitude above pad radius (earth orbit) or landing 
site radius (lunar orbit). 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT. IT DOCUMENTATION TEAM 


MOOPAINVH SNOILVUAdO OTTIOdV 


(Z)-f-II WooTd-co-vens 


oL6t ATue LT «—-48FPC Osea 


eyeq edueyo 


aseg 


SOS 


STA/T STEP PROCEDURE 


RHC (both) - ARMED 
THC ~ ARMED 

ATT DBD ~— MIN 

LIM CYCLE -. OFF 
TAPE RCDR FWD - FWD 
EMS MODE - NORM 


Perform SM RCS. thrust 

Mon AV ind or EVNT TMR ind 
SM RCS thrust complete 

EMS MODE - STBY 

Red. AV ind, EVNT TMR ind 
Sel SCS Att Cont mode, 4.7.1 


Perform Sep proced, 4.15.2 


Mnvr to.CM RCS deorbit att 
R °,?P OY ° 


Verify using external visual cues 


MAN ATT ROLL, YAW - RATE. CMD 
MAN ATT PITCH - ACCEL CMD 
RATE - HI 

FDAI SCALE - 5/5 


EVNT TMR ind - SM RCS C/O +1 min 


EMS MODE - NORM 


4.13.3.3 


1] 4.6.1.1, note 9. 


4.6.1.1, note 9. 


Separation at SM deorbit attitude saves time... Only 
one minute allowed between burns. 


Both CM RCS systems should be enabled. CM RCS portion 
completed with +X axis =70° below velocity vector 
(apex down and forward); ~110° +pitch maneuver from 
heads down, BEF, SM RCS portion of deorbit. 


One minute after SM RCS cutoff, start CM RCS burn. 
4.6.1.1, note 9. 


SCS HYBRID DEORBIT THRUSTING 
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NORMAL BACKUP 


foo 
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OL6T ATRL LT 


STA/T STEP PROCEDURE PANEL REMARKS 


CMP RHC 1 - contin -pitch 2| Negative pitch jets have =25 to 30 percent less 


authority than positive jets because of jet location 
1] and thrust direction relative to CM c.g. 


CDR RHC 2 - pulse +pitch to maintain 
att in 3 axes 


SAPP IAIRAKAA AAA AK AAKA XANAX AKAKAKAF 


If only 1 RHC 
Pulse RHC + & - =5° pitch from 
pitch retro att, maintaining 
rates <3°/sec 


x x 
XXXXXXKXAXXXXKXX XX EE XKXXXXKXXXXXXXXXXXKK 


AV ind cutoff cue must be adjusted to account for EMS 
sensing axis (along X) being reversed from SM RCS burn 
and biased off =70° from CM RCS velocity vector. 
(AVems = AVem Cos 70°). 


Mon AV ind or EVNT TMR ind for 
req value 


ajeq asueyy 


17 Term CM RCS deorbit burn 
MAN ATT (3) - RATE CMD or ACCEL CMD 
EMS MODE - STBY 
Red AV ind 

THC ~ LOCKED 


4.6.1.1, note 9. 


Set up for CM RCS Sys 1 
AUTO RCS A/C ROLL (4) - OFF 
AUTO RCS CM 1 (6) - MNA or MNB 
AUTO RCS CM 2 (6) - OFF 


Electrically isolates system 2 for entry. Ifa 
8] problem develops in system 1, disable affected 
channel and use direct RCS control. 


MOOGANVH SNOILVUAdO OTTOdY 


eased 


PRO (exit Ph7) 


FL V37 
Key .XXE 
Go to SCS Entry, 4.15.4 


905-4 


SCS HYBRID DEORBIT THRUSTING 


em ro 
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ayeq esueyy 


aseg 


LOS—t 


STA/T STEP PROCEDURE 


4.14 ALIGNMENTS 


4.14.1 G&N ALIGNMENTS 


k.1h.1.2 (P51/P53) IMU Orientation 


Determination 


CMC - on (req), 4.8.1 
ISS - on (req), 4.8.1 
SCS - on (desired), 4 


3 
2Bule 


LOGIC 2/3 PWR - on (up) (req if no SCS) 
Opt - on (req, P51), 4.8.1.4 

COAS - calib (req, P53), 4.14.1.6 

Att Cont (req), 4.7.1 


Total Att Disp (req), 4.7.2.5 


CMP 1 Key V37E 51E/53E 
Poss PROG alarm (4.8.1.16) 


2 FL V50 N25 
00015 (trgt acq) 


For general G&C operating data, refer to operating 
notes, 4.6.1. 


(P51) IMU Orientation Determination defines inertial 


orientation of IMU using optics. (P53) Alternate LOS 


IMU Orientation Determination defines inertial 


orientation of IMU using backup optical device (COAS). 


P53 may also be used with failed optics or MARK pb. 


Provides total attitude monitoring and attitude 
control capability. Minimum impulse control using 
RHC available (SCS & G&N) for sighting mark target 
alignment. 


Required for control and display functions. 
Optics required for P51; COAS used for P53. 


Allows maneuvering, and provides inertial stability 
of CSM to ensure accuracy of alignments. 


Both ISS and GDC attitude displays recommended for 
monitoring of IMU coarse align and SC motion. 


RO2. 


Targets (celestial bodies). 


4dk.1.1 (P51/P53) IMU ORIENTATION DETERMINATION 
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MOOGANVH SNOILVUAdO OTTOdV 


NORMAL BACKUP 


(Z)-f-II WOOTH"EO~-VeWsS 


oL6T ATne Lt 27°C lst 


eyeq esueyo 


eased 


g0s~h 


sala = A 


Desired att cont mode, 4.7.1 


V16 N20 may be keyed in to monitor for impending 
gimbal lock if operating from LEB where no FDAI 


Mnvr to acq tgts, if necessary available. 


PRO 


2,140 


If P51 go to 3 
If P53 go to & 


or b. To coarse align IMU to SC axes 


Time and RCS fuel may be saved and subsequent IMU 


ENTR (when att acpt) alignment decisions greatly simplified if IMU left 
V4i N22 (coarse align) inertially stabilized as close as possible to 


R, P, Y¥ 000.00 DEG 
NO ATT 1t —- on, then out 
Recycle 2 


orientation required for future CMC programs. 


(R53, Sighting Mark Routine) 


3 FL V51 (please mrk) 
OPT ZERO - OFF 
OPT MODE — MAN 


Ctr trgt in SXT SCT may be used if reduced accuracy acceptable. 


MARK (on 


trgt), go to 6 


(R56, Alternate LOS Sighting Mark Routine) To perform sighting marks using COAS. 


hk FL VO6 NOk 
SA 
TA 


2,140 
XXX.XX DEG 
XX .XXX DEG 


(P51/P53) IMU ORIENTATION DETERMINATION ~ ae 


pos oe 4 Bie 
i 
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aseg 


60S—t 


PROCEDURE 


Accept PRO 
Reject Key V2k4E 
Load desired SA & TA 


5 FL V53 (please mrk) 


RHC - ctr trgt in COAS reticle 


ENTR, go to 6 


6 FL V50 N25 


00016 (term mrks) 
Accept PRO 


Reject If P51, MARK REJ pod - push 
Return to 3 


If P53, ENTR, return to 5 


7 FL VOl N71 


kek. 


Trgt code 000 XX 


Accept PRO 


Poss OPR ERR 
Recycles disp 


2,140 


Values obtained from COAS Calibration, 4.14.1.6. 
Nominal SA and TA for COAS sightings are: 

SA - 000.00 DEG 

TA - 57.470 DEG 


SCS minimum impulse mode is recommended. 


(MC interprets ENTR as a mark. An inadvertent PRO 
instead of ENTR will recycle FL V53. 


An unsatisfactory mark may be rejected by pressing 
MARK REJ pushbutton (P51) or ENTR (P53) anytime prior 
to terminating marking sequence. In P51, possible 
program alarms if marks rejected without prior marks 
or if surplus marks made. 


CMC interprets ENTR as a mark reject. 


Target (celestial body) codes: 
00 - Planet (any planet except Earth) 
01 to 45 - Star 
46 - Sun 
47 - Earth 
50 — Moon 


Target code negative or >50. 


(P51/P53) IMU ORIENTATION DETERMINATION 
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NORMAL/BACKUP 


STA/T STEP PROCEDURE 


Reject Key V21E 
Load trgt code 


For trgt 2 (trgt code # 00) 
P51, return to 3 
P53, return to 4 


8 FL VO6 N88 (planet only) This flash will occur only if marks were made on a 
X, Y, Z » XXXXX planet. xX, Y, Z - components of planet unit position 
vector at present time. 


OL6t Ame LT eC Jiseg 


Accept PRO 


Reject Key V25E Use on-board tables to determine planet position 
Load desired data vector at present time. 


For trgt 2 
P51, return to 3 
P53, return to 4 


ayeq esueyy 


(R54, Sighting Data Display Routine) Tests accuracy of pair of target sightings. 


9 FL VO6 NOS 
Sighting angle diff XXX.XX DEG 


Accept PRO CMC calculates and stores IMU orientation as REFSMMAT. 
Reject Key V32E, return to 2 


eseg 


10 FL V37 ROO. 
Key XXE 


11 If P51 and no P52 


Opt Pwr Down, 4.8.1.4 


OTS=" 


(P51/P53) IMU ORIENTATION DETERMINATION 
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STA/T STEP PROCEDURE 


4.14.12.2 (P52/P54) IMU Realign 


CMC - on (req), 4.8.1.3 

ISS - on & orient known (req), 4.8.1.3 
& 4h 

SCS - on (desired), 4.8.4.2 


LOGIC 2/3 PWR - on (up) (req if no Scs) 
Optics - on (req, P52), 4.8.1.4 

COAS - calib (req, P54),4.14.1.6 

Att Cont (req), 4.7.1 


Tot Att Disp (req), 4.7.2.5 


CMP 1 Key V37E 52E/54E 


Poss PROG alarm (4.8.1.16) 


(P52) IMU Realign, and (P54) Alternate LOS IMU 
Realign, aligns IMU from known orientation to one of 
four orientations selected by crew. Sightings made 
on two targets (celestial bodies) with optics in P52, 
or with COAS in P5h. 


Orientation options available are: 


Preferred 
Nominal 
REFSMMAT 
Landing site 


Provides total attitude monitoring and attitude 
control capability. Minimum impulse control using 
RHC available (SCS & G&N) for sighting mark target 
alignment. 


Required for control and display functions. 
Optics required for P52; COAS used for P54. 


Allows maneuvering, and provides inertial stability 
of CSM to ensure accuracy of alignments. 


Both ISS and GDC attitude displays recommended for 
monitoring of IMU coarse align and SC motion. 


4.14.1.2 (P52/P54) IMU REALIGN 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVUAdO OTIOdV 


NORMAL/BACKUP 


_(2)-f-II WOOTH-Co-veNWs 


OL6T ATue LT 2" Ctseg 


ayeq e8ueyyD 


eased 


otsnt 


STA/T STEP PROCEDURE 


CMP 


2 FL vok no6 


Option code 
Option 


Accept PRO 
Reject Key V22E 
Load desired option 


00001 sel, go to 5 
or b. 00002 or 0004 sel, go to 3 
or c. 00003 sel, go to 8 


3 FL VO6 N34 
GET align OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 
Accept PRO 
If option 2, go to 5 
Reject Key V25E 
Load desired GET align 


4 FL VO6 N89 
Lat (+N) XX.XXX DEG 
Long/2 (+E) XX.XXX DEG 
Alt XXX.XX NM 


Accept PRO 


Reject Key V25E 
Load correct coordinates 


2,140] If preferred orientation defined, R2 = 00001. Other- 
wise R2 = 00003 (REFSMMAT alignment). 


Options available are: 
00001 - Preferred (operator ensures preferred 
orientation defined) 
00002 — Nominal 
00003 - REFSMMAT 
00004 - Landing site 


GET align - Time at which nominal orientation defined. 
Display initially 0, 0, 0. If this value accepted, 
nominal orientation will be defined for GET align 
automatically selected as present time. 


MOOGANVH SNOILVUYAdO OTTOdY 
(Z)-f-II WOOTd~E0-veNS 


Stored landing site coordinates. 


(P52/P54) IMU REALIGN 


THIS SCANNED COPY IS PRO 


ro : 
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- oy 


STA/T STEP PROCEDURE 


CMP 5 FL VO6 N22 


ajeq oIseg 


R, P, Y XXX.XX DEG 

bar Accept PRO 
cy Reject Desired att cont mode, 
= 4.7.1 
= Mnvr SC 
% Key V32E 
~] 
= ; 

Key V37E XXE 
4G Exit P52/P54 
bs 
| 6 FL V50 N25 
oa 00013 (coarse align or pulse torque) 
sw) . 
p Coarse align 
Y PRO, go to 7 

Pulse torque 
ENTR 
V16 N20 (present gmbl angles) 
R, Py Y XXX.XX DEG 

us) 
i 
gq 
© 
a 
1 
MW 
=) 
WwW 


To obtain acceptable MGA. 
V32E recycles to update gimbal angle display. 


Selects coarse align R50 and allows auto optics 
positioning. 


To pulse torque gyros. Bypasses R50 and auto optics 
positioning. 


If it appears that IMU will be torqued into gimbal 
lock, maneuver should be performed to avoid condition. 
If SC CONT at CMC and CMC MODE at AUTO or HOLD, the 
DAP will maneuver vehicle to follow platform as it 
moves. If N93 used for display, scaling of N93 will 
not remain XX.XXX. Initially, N93 will display 
proper values; thereafter, R2, then R3, and finally 
Rl will diminish to zero as each gyro axis is 

torqued. 


MOOPANVWH SNOILVYAdO OTTOdV 
(2)"f-II MOOTE-€0-VeNS 


4.14.1.2 (P52/P54) IMU REALIGN 
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STA/T STEP PROCEDURE 


(R50, Coarse Align Routine) 


ajeq oIseg 


CMP 7 Verify coarse align complete 
NO ATT 1* - on, then out 
Mon ball motion 


8 FL V50 N25 
00015 (trget acq) 


oL6T Atne LT 


a. For CMC assist in sel 
Desired att cont mode, 4.7.1 
Mnvr to acq tret 


ajeq esueys 


Poss FL V05 NO9 
00405 (accept pair not 
avail) 


Mnvr until suitable trgt 


acg 
PRO, go to 9 


ese 


or Key V32E, recycle 8 


b. To bypass CMC sel 
ENTR 


RTS~t 


If required gimbal angle change <1 degree, IMU 
will not be coarse-aligned. 


After target acquisition, SCS minimum impulse 
operation desirable for minimum fuel consumption 
and reduction of vehicle rates to minimum. 


CMC performs target selection routine. However, for 
P54, since primary optics are not being used, selected 


stars may not be acceptable for backup optics 
sightings. 


Crew manually acquires target. 


(P52/P54) IMU REALIGN 


poy 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HOOPANVH SNOILVYAdO OTTIOdV 
(2)-f-II yoOTE-Co-vens 


OL6T Atne LT 97°C CTseg 


ayeq esueyos 


eded 


STS~t 


STA/T STEP 


PROCEDURE 


CMP 9 FL VOl NTO 


Trgt code 


Accept If P52 
OPT ZERO - OFF 
OPT MODE - as desired 


Poss OPR ERR 
Recycles disp 


Reject Key V21E 
Load desired code 


For P52 
If trgt code # 00 & 
OPT MODE ~ CMC, go to ll 
or OPT MODE - MAN, go to 12 


For P54 
If trgt code # 00, go to 13 


10 FL VO06 N88 (planet only) 


4.14.1.2 


X,-¥y.2 . XXXXX 


Accept If P52 
PRO 


Target (celestial body) codes: 
00 - Planet (any planet except Earth) 
O01 to 45 - Star 
46 - Sun 
47 - Earth 
50 - Moon 


Target code negative or >50. 


MOOGANVH SNOILVUAdO OTTOdV 
(2)-f-II WOOTH~EO~-VeNS 


X, Y, Z - Components of planet unit position vector 
at present time. 


If OPT MODE - MAN, go to 12 


(P52/P54) IMU REALIGN 
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OL6T Atne LT Fed Cseg 


ayeq esueyo 


aseg 


9TS~h 


STA/T STEP 


PROCEDURE 


If P54 
PRO, go to 13 
Reject Key V25E 
Load desired data 


(R52, Auto Optics Positioning Routine) 


11 VO06 N92 (desired opt angles) 


SA XXX.XX DEG 
TA XX.XXX DEG 


Poss FL VO5 NO9 (2 sec priority) 


ookOk (TA >90°) 
a. Desired att cont 
mode, 4.7.1 
Mnvr to reduce TA 
PRO 
Key V34E 
FL V37 
Key XXE 


If TA >50° & <90° 
Desired att cont mode, 4.7.1 


Mnvr to reduce TA 


When sighting mrks are desired 
OPT MODE — MAN 


Use on-board tables to determine planet position at 
present time. 


Points SLOS of optics at selected target. 


Optics will drive to acquire selected target. No 
display if R52 reselected after R53 called. 


If required optics angles not being displayed, 
key V16 N92E to obtain display. 


ROO. 
If TA >50° and <90°, trunnion driven to upper limit 
(=49.7754°) and held at this angle. 


If required optics angles not being displayed, 
key V16 N92E to obtain display. 


Calls R53. To regain auto optics positioning, select 


OPT MODE - CMC (prior to completion of R53). 


(P52/P54) IMU REALIGN : 


Bay 


THIS SCANNED COPY IS PROV 


ae | 


DED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HOOMANVH SNOILVUAdO OTTOdV 


(Z)-f-II woold-Co-vens 


(R53, Sighting Mark Routine) 


a3eq 2Iseg 


CMP 12 FL V51 (please mrk) 2,140 
Ctr trgt in SXT 
MARK (on trgt), go to 15 122 


(R56, Alternate LOS Sighting Mark Routine) 


oL6T ATML LT 


13 FL VO6 NOk 2,140 
SA XXX.XX DEG 
TA XX.XXX DEG 


Accept PRO 
Reject Key V2kE 
Load desired SA & TA 


azeq esueyyD 


14 FL V53 (please mrk) 
RHC - ctr trgt in COAS reticle 


ENTR 


15 FL V50 N25 
00016 (term mrks) 


aseg 


Accept PRO 
Reject If P52, MARK REJ pb - push 
Return to 12 


LTS-h 


SCT may be used if reduced accuracy acceptable. 


To perform sighting marks using COAS. 


Values obtained from COAS Calibration, 4.14.1.6. 
Nominal SA and TA for COAS sightings are: 

SA - 000.00 DEG 

TA - 57.470 DEG 


SCS minimum impulse mode recommended. 


CMC interprets ENTR as a mark. An inadvertent PRO 
instead of ENTR will recycle FL V53. 


An unsatisfactory mark may be rejected by pressing 
MARK REJ pushbutton (P52) or ENTR (P54) anytime prior 
to terminating marking sequence. In P52, possible 
program alarms if marks rejected without prior marks 
or if surplus marks made. 


4.14.1.2 (P52/P54) IMU REALIGN 
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MOOGANVWH SNOILVYAdO OTTOdV 


(Z)-f-II MOOTd~C0-VveNS 


NORMAL/BACKUP 


oL6T Atne JT 23% Ctseg 


e3yeq esueyy 


asdeg 


BTS 


PROCEDURE 


STA/T STEP 
If P54, ENTR 
Return to 14 


16 FL VOl N71 
Trgt code 


Accept PRO 


Poss OPR ERR 
Recycles disp 


Reject Key V21E 
Load trgt code 


If trgt code # 00 
Return to 9 for trgt 2 


17 FL V06 N88 (planet only) 


X, Y, Z « XXXXX 


Accept PRO 
Reject Key V25E 
Load. desired data 


Return to 9 for trgt 2 


2,140 | CMC interprets ENTR as a mark reject. 


Target (celestial body) codes: 
00 - Planet (any planet except Earth) 
01 to 45 - Star 
46 
M7 
50 


Target code negative or >50. 


This flash will occur only if marks were made on a 
X, Y, Z - Components of planet unit position 


planet. 
vector at present time. 


Use on-board tables to determine planet position 


vector at present time. 


(P52/P54) IMU REALIGN 
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MOOGANVH SNOILVUAdO OTTOdV 


(2)-f-II Woold-to-vens 


a3eq Iseg 


OL6T Arne LT 


ayeq edueyo 


aseg 


6TS-t 


STA/T STEP 


PROCEDURE 


(R54, Sighting Data Display Routine) 


CMP 18 FL VO6 NOS 


Sighting angle diff XXX .XX DEG 


Accept PRO 
Reject Key V32E, go to 20 


(R55, Gyro Torquing Routine) 


19 FL VO6 N93 (A gyro angles) 


es ee 7 XX.XXX DEG 


Accept PRO (gyros torqued) 
Reject Key V32E, go to 20 


or Key V37E OOE, go to 22 


20 FL V50 N25 


44.1.2 


00014 (fine align check) 


Accept PRO, return to 8 


Reject ENTR 


2,140 


Tests accuracy of pair of target sightings. 


Calculates and displays gyro torquing angles for 
final (fine) alignment of inertial platform and to 
torque gyros. 


X, Y, Z Gyro - Angle through which each gyro must be 
torqued to complete fine alignment. Once this step 
is complete, CMC will reset preferred orientation 

flag. If CMC MODE switch is at AUTO or HOLD during 


R55, the DAP will maneuver CSM to follow platform as 
it moves. 


Pulse IRIGs through desired angle. 
Do not torque gyros. 


PRO repeats target sightings (R52 & R53) for P52; 
(R56) for P54 Sighting data test (R54), and gyro 
torquing (R55) to verify accuracy of alignment. 


(P52/P54) IMU REALIGN 
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MOOMGNVH SNOILVUZdO OTTOdV 


‘NORMAL/BACKUP 


(2)~f-II MOOId-€0-VveNS 


STA/T STEP 


CMP 21 FL V37 
Key XXE 


ayeq oIseg 


22 If P52 


OL6T AtTHE LT 


ajyeq esueyy 


eseg 


02S—h 


PROCEDURE 


Opt Pwr Down, 4.8.1.4 


(P52/P54) IMU REALIGN 
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OL6T ATne JT e3eq DIseg 


ajyeq asueyn 


aseg 


Te2S-h 


sn = A 
4.14.1.3 (V40 N20) Zero ICDU Extended Verb Ensures synchronization between ISS CDU counters 
and CDU counters in CMC. 
CMC — on (req), 4.8.1.3 Terminates IMU coarse align mode and enters fine 
ISS - on (req), 4.8.1.3 align mode (inertial IMU). 
CMP 1 Key V40 N20E 2,140 
NO ATT 1t - OFF 
Wait 15 sec 
Poss OPR ERR IMU stall routine in use. 
Poss. PROG. alarm ISS in coarse align mode with gimbal lock. 


4.14.1.3 


Exit routine 
Key VO5 NO9E (to verify alarm) 
00206 (zero encode not 
allowed) 
Key V4l N20E, 4.14.1.4 


MOOGANVH SNOILVUYAdO OTTOdV 


(V40 N20) ZERO ICDU EXTENDED VERB 
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(2)"f-II NO0Td~E€0-VveNs 


NORMAL ‘BACKUP - 


OL6T ATme LT 27"C SCfseg 


ayeq esueun 


eseg 


eeS~h 


STA/T STEP PROCEDURE 


Reb... (VAL N20) Coarse Align ICDU 
Extended Verb 


CMC - on (req), 4.8.1.3 
ISS - on (req), 4.8.1.3 


CMP 1 Key V41 N20E 
Poss OPR ERR 
Exit coarse align 


2 FL V21 N22 (load CDU angles) 
R, P, Y XXX.XX DEG 


Accept Load desired angles 
Reject V33E 


DSKY — V4 
NO ATT 1t - on 


Poss PROG alarm 
Key VO5 NO9E (to verify alarm) 
00211 (error >2°) 


To repeat coarse align 
Key V41 N20E 


3 To extinguish NO ATT lt & term 
coarse align 
Key V40 N20E 
Wait 15 sec 


or V42E 


PANEL 


Coarse aligns IMU to gimbal angles specified 
by crew. 


Occurs if another extended verb active, or if IMU 
stall routine in use. 


Registers initially blank. 
4.6.1.3, note 3m. 


NO ATT 1t will remain on even after gimbals have been 
driven to specified angles. 


Present and specified gimbal angles may be compared 
by keying V16 N20E and V16 N22E. Alternate method is 
to key V62E (Mode 2) to display difference between 
N20 and N22 on FDAI error needles. 


Zero ICDU extended verb, 4.14.1.3. 


Torque gyros extended verb, 4.8.3.2. 


(v41 N20) COARSE ALIGN ICDU EXTENDED VERB 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOPANVH SNOILVYAdO OTTOdV 


(Z)"f-II MOOTd-Lo-veNs 


STA/T STEP PROCEDURE 


4.14.1.5 (V4l NO1) Coarse Align OCDU 
Extended Verb 


ajyeq otsey 


ae step 3.) 

i CMC - on (req), 4.8.1.3 

E Opt Pwr Up (req), 4.8.1.4 

ny CMP 1 Key V37E OOF 2,140] V41 N91 from POO only. 
8 2 OPT ZERO - OFF 122 

‘ OPT MODE - CMC 


3 Key V4l NOLE 2,140 


Poss OPR ERR 
Exit coarse align OCDUs 


Poss PROG alarm 
Key VO5 NO9E (to verify alarm) 
00115 (OPT MODE not CMC) 
OPT MODE - CMC 122 


or 00117 (OPT not 2,140 
avail) 
Exit coarse align 


Occurs if another extended verb active. 


eyeq esueyD 


OPR ERR lt on. 


of drive test until end of burn. 
4 FL V21 N92 (Load OCDUs) 
SA XXX .XX DEG 
TA XX.XXX DEG 


Registers initially blank. 


aseg 


Accept Load desired SA & TA 
Reject V33E 


5 DSKY ~ Vk1 


4.6.1.3, note 3m. 
Key V16 NOE to monitor optics angles. 


Opt Pwr Down, 4.8.1.4 


4e1k.1.5 (V4l N91) COARSE ALIGN OCDU EXTENDED VERB 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Drive optics to shaft and trunnion angles specified 
by crew. Not permitted from start of drive test 
until end of burn. (Ref note opposite 00117 alarm, 


This alarm code indicates that OCDUs are being used 
by TVC DAP or gimbal drive test and that this 
procedure cannot be performed. May occur from start 


MOOWPAINVH SNOILVUAdO OTTOdV 
(Z)"f£-II MOO1d~€0~-VeNS 


NORMAL ‘BACKUP 


fe Baas 


cae 


STA/T STEP 


4 14.1.6 Inflight COAS Calibration 


CMC - on (req), 4.8.1.3 

ISS - on & orient known (req), 
4.8.1.3 & 4.14 

SCS ~ on (req), 4.8.4.2 

COAS filter installed (req) 


eyeq oIseg 


Opt Pwr Up, 4.8.1.4 


OL6T 4tmfe LT 


Sel Tot Att Disp, 4.7.2.5 
Key V3TE 52E 


Poss PROG alarm ¢4.8.1.16) 


ayeq edueyy 


FL VOk NO6 
Option code 00001 


eased 


Sel REFSMMAT orient (V22E, 3E) 
PRO 


HeSnh 


INFLIGHT COAS CALIBRATION 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Provides method for in-flight calibration of COAS 

(1.e., equivalent shaft and trunnion angles). R 
Spare COAS light bulbs (2) are stowed in volume U3. we 
When installing COAS on window mount, align (rotate 

COAS barrel to detent) as indicated by arrow on decal. 


Filter used to reduce glare of reticle image when 
sighting on low intensity targets. 


RO2. 


If preferred alignment flag is set, R2 will display 
00001. Otherwise, R2 will display 00003 (REFSMMAT 
alignment ). 


Options available are: 
00001 - Preferred (operator ensures preferred 
orientation defined) 
00002 - Nominal 
00003 - REFSMMAT 
00004 - Landing site 


MOOPANVH SNOILVUAdO OTTOdV 
(2)-fII Woold-€0-vens 


ed 


STA/T STEP PROCEDURE 


CMP 5 FL V50 N25 
00015 (trgt acq) 
Att Cont Mode, 4.7.1 
Mnvr to acq trgt in COAS 
ENTR 


ajeq o1seg 


6 FL VOl N70 
Trgt code 


OL6T AtmP LT 


OPT ZERO - OFF 
OPT MODE — CMC 


Reject Key V21E 
Load trgt code of trgt 
centered in COAS 
Accept PRO 


eyeq esueyy 


Poss OPR ERR 
Recycles display 


If trgt not a planet, go to 8 


7 FL V06 N88 (planet only) 
X, Y, Z@ » XXXXX 


Accept PRO 
Reject Key V25E 
Load desired data 


assed 


FAS 


4.14.1.6 


Target (celestial bodies). 


Target codes: 
00 - Planet (any planet except Earth) 
01 to 45 - Star 
46 - Sun 
47 ~ Earth 
50 - Moon 


Target code negative or >50. 


HMOOPANVH SNOILVUAdO OTTOdV 
(2)"f-II WOOTE-€0-Vens 


X, Y, Z - Components of planet unit position vector 


at present time. 


INFLIGHT COAS CALIBRATION 
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NORMAL: BACKUP 


oL6T Atmp Lt 97°C ~OTSeq 


a3eq esueyyD 


oseg 


92S~h 


STA/T STEP PROCEDURE 


CMP 


(R52, Auto Optics Positioning Routine) 


8 Vv06 N92 2,140] Display will be updated every =0.5 second. 
SA XXX .XX DEG 
TA XX.XXX DEG 


When trgt centered in COAS & SA & 
TA relatively constant 
Key VERB (to freeze disp) 


Accept Red SA & TA for use in 
P53/P54 
Reject KEY REL 
Repeat 8 
9 Opt Pwr Down, 4.8.1.4 


10 Sel new prog 


INFLIGHT COAS CALIBRATION 
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STA/T STEP PROCEDURE 


4.14.2 SCS ALIGNMENTS 


a3eq VIseg 


4.14.2.1 Alternate SC Inertial Attitude 
Determination and GDC Alignment 


SCS - on (req), 4.8.4.2 


Opt Pwr Up, 4.8.1.4 


OL6T Atne LT 


Sel Tot Att, Att Err & Rate Disp for If IMU off, only FDAI 1 need be powered or selected. 
scs, 4.7.2 


Sel SCS Att Hold/Rate Cmd, 4.7.1.4 For fuel conservation, max deadband preferred until 
stars obtained. 


Obtain 2 stars in SCT 

Sel Opt Cont, 4.7.5.2 

OHC ~ ctr star on R-line OHC - Optics hand control. 

OHC - ctr star in FOV 

Hold star 1 in ctr of FOV Final adjustment required OPT COUPLING - DIRECT. 


93eq asueyD 


Hold star 2 on R line Minimum impulse control can be used to allow 
positioning of stars on R line. 


MOOPANVH SNOILVUAdO OTTIOdV 
(2)-f-II wo0Td-€0-veNs 


BMAG MODE (3) - RATE 2 Stars mst be kept aligned while BMAGs caged. 
ATT DBD — MIN 
BMAG MODE (3) - ATT 1/RATE 2 


aseg 


L2S~t 


4142.2 ALTERNATE SC INERTIAL ATTITUDE DETERMINATION AND GDC ALIGNMENT 
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oL6T Atme pr PC Osea 


ojyeq esueyy 


eased 


Qes~t 


STA/T STEP PROCEDURE 


CMP 


6 Read & red angles on trun & shft _ 
ind(s) & xmit with star data to 
MSFN 


7 Obtain inertial att values for ATT SET 
tw from MSFN 


8 Align GDC to MSFN values, 4.7.3 


9 Opt Pwr Down, 4.8.1.4 


ALTERNATE SC INERTIAL ATTITUDE DETERMINATION AND GDC ALIGNMENT 


rg FO pooeny 
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(2)-f-II AXooTd~to~VveNns 


[Sears ome rroceRe A 
te 
ew) 4.14.2.2 Inplane GDC Alignment Provides method for aligning SCS attitude reference 
er system in orbital plane (+Y axis of reference along 
CMC - on (req), 4.8.1.3 V xR). This allows use of ORDEAL on FDAI 2 with 
we ISS - on & orient known (req), IMU out of plane. 
x 4.8.1.3 & 41h 
FE SCS - on (req), 4.8.4.2 
ns Sel Tot Att Disp, 4.7.2.5 
9 FDAI SEL ~ 1/2 
° 
Key V37E 52E 
(eo) 
a Poss PROG alarm (4.8.1.16) RO2. 
ga 
id FL Vok NO6 
o Option code 00001 
= Option 0000X Options available are: 
00001 - Preferred (operator ensures preferred 
orientation defined) 
00002 — Nominal 
00003 - REFSMMAT 
00004 - Landing site 
Select nom option 
Key V22E 2E 
A PRO 
‘o 
4 FL VO6 N34 
GET align OOXXX. HRS GET align - Time at which vehicle position and 
OOOXX. MIN velocity vectors selected to define IMU local 
OXX.XX SEC vertical orientation. 
Sma 
vn 
6 


4.14.2,2 INPLANE GDC ALIGNMENT 
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NORMAL/BACKUP 


Pegg = 


Ol6T Atar.1t “2'G eteea 


ayeq osueyy 


eded 


O€S~h 


STA/T STEP PROCEDURE 


Key V25E 
Load present time plus 10 min 


Establish Att Cont, 4.7.1 Selected to prevent drift between gimbai angle 


calculation and GDC alignment. 
Damp veh rates 
PRO 


FL VO6 N22 IMU gimbal angles for desired IMU orientation at 
R, P, Y XXX.XX DEG present SC attitude. 


ATT SET tw ~ adj to Euler angles 
disp on DSKY 


Align GDC, 4.7.3 


Sel new program 


INPLANE GDC ALIGNMENT 
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Be Ee 


STA/T STEP PROCEDURE 


ajeq Iseg 


Aligns GDC without IMU, CMC or optics. 


4.14 ,2.3 Backup GDC Alignment With COAS 


SCS - on (req), 4.8.4.2 


A more accurate alignment can be performed if COAS 
CMC - off or STBY (req) 


calibration procedure, 4.14.1.6, has been performed 
earlier and calibration information provided to MSFN 
for use in computation of R, P and Y ALIGN. 


CMP 1 Red following data from MSFN 
GDC Align Values (step 2) 

R ALIGN » P ALIGN 

Y ALIGN 


OL6T A4tTne LT 


Boresight star data (step 13) 
Boresight star 

SPA © 

SXP e 


SPA - Sight pitch angle 
SXP - Star X position 


eyeq esuey 


Nav stars 
Prim star (step 5) 
Sec star (step 8) 
Star diff angle ° (step 7) 


Star difference angle cannot exceed 35° since this 


is maximum COAS field of view in pitch. 
2 SCS att set for FDAI 1, 4.7.2.4 


CDR ATT SET tw - set R, P, Y ALIGN 1 


3 Install COAS & set reticle to 0° pitch 


aseg 


Sel SCS att cont mode, 4.7.1 


Mnvr to position prim star on 
crosshairs of COAS reticle 


TES~h 


4.14.2.3 BACKUP GDC ALIGNMENT WITH COAS 
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ayeq esueyo 


eased 


ES~t 


oL6t 4tme LT PPC Osea 


STA/T STEP 


Establish att hold with min P & Y dba 


Pitch COAS reticle up Star Angle 
Diff value 


Roll SC to place sec star on pitch axis 
of COAS reticle 


Establish att hold with min roll dbd 
Repeat 3 through 9 as necessary 


Align GDC, 4.7.3 
GDC ALIGN pb - push, when stars 
positioned, until err null on 
FDAI 1 


Mnvr to AV att 
ATT SET tw - set to AV att 
Mnvr 
Null errors on FDAI 


Perform Boresight Star ck 


BACKUP GDC ALIGNMENT WITH COAS 
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STA/T STEP PROCEDURE 


4.14.3 BACKUP GDC AND/OR IMU ALIGNMENT Aligns GDC and/or IMU without CMC. 


ajeq oIseg 


SCS - on (req), 4.8.4.2 
CMC - off or STBY (for step 3a) 


CMP 1 Red following data from MSFN 
GDC Align Values (step 8) 
R ALIGN » P ALIGN 
Y ALIGN 


OL6T Atnr LT 


SXTS data (step 10) SXTS - Sextant star. 
SXTS 
SHAFT * 
TRUN : 


Boresight star data (step 4) 
Boresight star 
SPA . SPA - Sight pitch angle. 


SXP ° SXP - Star X position. 


a3eq esueyy 


0° and 0° allows SC to be rolled about boresight star 
in 7. 
Nav stars (step 7) 
Prim star (0° mark on 
R line of SCT reticle) 
Sec star (R line) 


HOOGANVH SNOILVYAdO OTTOdV 
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aseg 


2 ISS att set for FDAI 1, 4.7.2.4 


€ES-h 


4.14.3 BACKUP GDC AND/OR IMU ALIGNMENT 


ne, 
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STA/T STEP PROCEDURE 


CMP 3 Cage IMU 


ajeq olseg 


If IMU in stby 
IMU PWR = on (up) 
(IMU automatically cages) 


If IMU powered up 


ol6T Atne LT 


a. IMU PWR ~ OFF 
Wait 5 min for gyros to run down 
IMU PWR - on (up) 


ATT SET tw - set to 0°, 0°, 0° 
Mnvr SC to 0°, 0°, 0° & null 
FDAI 1 errors 


ojeq esueys 


IMU CAGE - on (up) & hold until 11 
Sel desired SCS Att Cont Mode, 4.7.1, 
& mnvr to position boresight star 
in COAS 
Opt Pwr Up, 4.8.1.4 


Set opt to 0° shft & 352.5° trun, 4.7.5 


aseg 


OPT PWR — OFF 


Mnvr to position stars in SCT 


HES 


This step is bypassed, if only GDC aligned. 


Guarded. 
Occurs only if CMC off, or in STBY. 


Guarded. 

Guarded. 

IMU gimbal angles should be 0+5° before caging to 
avoid damaging gyros. 


Guarded. 


MOOGAINVH SNOILVURdO OTIOdV 
(Z)-f-II WOOTE-Co-veNs 


0° shaft and 352.5° trunnion places 0° mark of SCT 
reticle along +Zsc axis. 


Eliminates optics drift. 


Roll SC around boresight star to acquire navigation 


stars. After positioning primary star on 0° mark, 
SC may be yawed about this star to place secondary 
star on R line. 


BACKUP GDC AND/OR IMU ALIGNMENT 


mos 


THIS SCANNED COPY IS PROV 
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STA/T STEP PROCEDURE 


CDR 8 Align GDC 
ATT SET tw - set to R, P, Y ALIGN 
ATT SET - GDC 


ajeq oIseg 


Lie GDC ALIGN pb - push when stars 
i positioned, until err null on 
E, FDAI 1 
te 
B Mnvr to AV att 
a ATT SET tw - set to AV att 
° 

Mnvr 
0 Null err on FDAI 1 
=a 
5 Perform SXTS ck & adj SC att if 
ag necessary 
ws) 
rm 
Oo Uncage IMU 

IMU CAGE ~ on (up) and rel 

If 3b was used 

IMU CAGE - rel 
Opt Pwr Down, 4.8.1.4 

AS) 
PU 
0Q 
@ 
Ba 
I 
ww 
w 
MI 
™ 
T 
ww 
Ww 
aN 


ELEC PWR - GDC/ECA (required for GDC ALIGN) satisfied 
by SCS Power Up, 4.8.4.2. 


With optics set to proper shaft and trunnion angles, 
and SC at AV attitude, specified star should appear 
in SXT. , 


This frees IMU at 0°, 0°, 0°. (For deorbit, GDC will 
be at 180°, 180°, 0°.) 


MOOGANVH SNOILVYAdO OTTIOdV 
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STA/T STEP PROCEDURE 
4,15 ENTRY 


4.15.1 DEORBIT OR LUNAR RETURN VEHICLE 
PREPARATION 


(Proced in 4.15.1.1 thru 4.15.1.4 not 
designated as "req" are optional) 


OL6T Atme LT ayeq oIseg 


4.15.1.1 General System Management 


Cab Cold Soak Oper (GETI or EI 
minus 8 to 12 hrs), 4.5.4.13 


e}eq eBueyD 


or If no cold-soak 
CMP SEC EVAP H20 CONT - AUTO (req) 


If lunar return 
CMC ~— on, 4.8.1.3 
ISS - on & orient known, 4.8.1.3 & 4.14 
SCS - on (req), 4.8.4.2 
DAP Data Load - complete, 4.8.2.1 


aseg 


1 Obtain update & entry data from MSFN 


LES~h 
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Deorbit preparation applies to any deorbit (SPS or 
RCS, pure or hybrid, whether G&N, SCS or manually 
controlled) and should be done prior to deorbit 
thrust to minimize crew workload between deorbit and 
entry. For lunar return, preparation accomplished 
after final MCC and during coast period prior to SM 
separation from CM. 


Provides cabin heat-sink during entry. EI (entry 
interface) =400,000 feet. 


4.i5.1.1 : DEORBIT OR LUNAR RETURN VEHICLE PREPARATION 
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eyeq esueyyd 


aseg 


geS~h 


STA/T STEP 


LMP 


2 If deorbit 
Configure TLM (req) 
TAPE RCDR FWD - off (ctr) 3} After MSFN dumps and rewinds tape recorder and returns 
PCM BIT RATE - HI DSE control to crew at last contact prior to deorbit, 
UP TLM CMD - RSET, then NORM TAPE RCDR FWD switch placed to off (center) and PCM 


BIT RATE switch to HI. 
Propul Sys Checks, 4.5.2.1 thru 4.5.2.3 


If lunar return 
Configure telcom (req) 
VHF AM A ~- SIMPLEX 
Propul Sys Checks, 4.5.2.2 & 4.5.2.3 


EPS DC & AC checks, 4.5.3.3 & 4.5.3.4 
PYRO BAT A & B >35 vde (verify) 


FAA AAAAAAAAKAKAAAAAAAAAAKAXAAAARAAAAAXE 


If PYRO BAT A(B) <35 vde 
cb PYRO A(B)/SEQ A(B) - open 250 
cb BAT BUS A(B) TO PYRO BUS - close 


x x 
XXHKKAKAKKKXKKKXAAKAAKAKKXKKKXXKAXAXXKAXANXKKKXK 


ECS Mon Check, 4.5.4.1 


MOOGANWH SNOILVUGdO OTIOdV 
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Stow gas separator cartridges (req) 
Remove separator bags from stowage 
Disconnect separators from water 

pistol & food prep unit 
Place separators in stowage bags 
Stow separators 


DEORBIT OR LUNAR RETURN VEHICLE PREPARATION 
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aseg 
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STA/T STEP 


CMP 


4.15.1.3 


is 
8 


9 
10 
il 


12 


PROCEDURE 


Stow loose gear (req) 

Dry tunl 

CMC Self-Check Proced, 4.8.1.7 
DSKY Condition Lt Check, 4.8.3.1 
C&WS Oper Check, 4.5.5.1 


P52 IMU Align, 4.14.1.2 


4.15.1.2 RSI Test and Alignment 


4.15.1.3 


ELEC PWR - GDC/ECA 
ATT SET - GDC 


EMS ROLL - on (up) 

GDC ALIGN pb ~ push, hold 

ATT SET YAW tw - adj thru 45° angle, 
observe RSI tracks ~45°, then position 
RSI 

GDC ALIGN pb - rel 

EMS ROLL - OFF 


ATT SET YAW tw.- reset 
GDC ALIGN pb - push (32 sec max) 


EMS Entry Test 
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If necessary, absorb water with towel. 


Condensed 


moisture rains on crew. 


Permits testing EMS roll stability indicator (RSI) 


and positioning to desired orientation for entry. 


Avoid FDAI gimbal lock region. 


This step required only if GDC was aligned and 
realignment required. 


Light illumination other than those listed indicates 


a malfunction. 


(G <0.2) lights for entry from lunar mission only. 


Lift vector up (G >0.2) and down 


AV/EMS SET switch slews G-V scroll and sets RNG 


indicator. 
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PROCEDURE 


1 Init EMS prep 
EMS FUNC - OFF (verify) 


cb EMS (2) - close 
EMS MODE - STBY 


2 EMS FUNC - EMS TEST 1 (ccwW) 


Wait 5 sec 

Adj alphanumeric brightness (option) 

EMS MODE — NORM 

Wait 10 sec min 

All ind lts - out 

RNG ind - 0.0 

Slew scroll until hairline superimposed 
on notch in next self-test pattern 


3 EMS FUNC - EMS TEST 2 


Wait 10 sec 
-05 G 1t - on (all others out) 


4 EMS FUNC ~ EMS TEST 3 


-05 G lt - on 


Lift vector dn lt - on (10 sec after 
.05 G 1t) 
Set RNG ind to 58.0+0.0 NM 


> EMS FUNC - EMS TEST 4 


-05 G lt - on (all others out) 
G-V trace (during 10 sec period) within 
test pattern 


ey 
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Test 1 checks .05 G comparator lower trip-—point. 


Ten seconds should be allowed to verify no malfunc- 
tions. No light on before or after 10 seconds. 


EMS scroll can be slewed only one inch in reverse. 


Test 2 checks .05 G comparator upper trip-point. 
No other light on before or after 10 seconds. 


Test 3 checks corridor verification circuitry 
associated with lift vector down light. 


G <0.2. 


MOOGANVWH SNOILVUAdO OTIOdV 
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RNG indicator displays minus sign for negative numbers 
or no sign for positive numbers in most significant 
digit. 


Test 4 checks range-to-go integrator circuits, 
range-to-go indicator, G-V servo circuits, and G-V 
plotter. 


DEORBIT OR LUNAR RETURN VEHICLE PREPARATION 
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OL6T Atur LT 


ayeq esueyo 


asdeg 


TRS 


STA/T STEP 


PROCEDURE 


After 10 sec, G-V trace stops at lower 
right corner of test pattern at =9 G 
RNG ind (during 10 sec period) counts 
toward zero. After 10 sec, stops 
at =0.0+0.2 G 


6 EMS FUNC - EMS TEST 5 Test 5 checks corridor verification circuitry 


7 EMS FUNC - RNG SET 


8 EMS FUNC - Vo SET 


HLowle3 


-05 G lt - on associated with lift vector up light and enables 
Lift vector up 1t - on (10 sec after scroll slewing to start of entry pattern. After 
.05 G 1t) scroll set to less than 37K fps, reselecting EMS 
RNG ind - 0.0 TEST 5 switch position not permitted; range integra- 
Scribe traces vert line =9 G to tor and scroll synchronization would be lost. 
0.28+0.1 G & stops (trace within 
test pattern) 
Align G-V scroll to entry pattern 
(hairline on 37K fps line) 


G-V traces vert line ~0.28 G to 
0.0+0.1 G & stops 
If lunar return 
Slew RNG ind to pred RTOGO from .05 G 


HOOPAINVH SNOILVWYAdO OTIOdV 
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CAUTION 


Never slew scroll in incr direc- 
tion more than 1500 fps. Ensures 
range integrator remains slaved 
to scroll velocity. 
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eseg 


oyS~h 


sala = a 


Slew scroll until display index (arrow) 1 
aligned to pred entry velocity 


9 AV Test & Null Bias Check, 4.7.6.1 


4,15.1.4 Systems Preparation 


If suited 
Press Suit Circuit & PGA Check at 
5.0 psia, 4.5.4.9 
ALL Mae Wests —- donned 
CMP EMER CAB PRESS sel — OFF 351 


EI or GETI 
~1:00:00 

1 CM RCS temp check 
SYS TEST (2) - 5C, 5D, 6A, 6B, 6C, 6D 


If lowest reading <3.9 vde (28°F) 
cb CM RCS HTRS (both) ~ close 8 
cb RCS LOGIC (2) - close 
CM RCS LOGIC ~ on (up) 1 

CMP CM RCS HTRS - on (up) for 20 min 


URINE DUMP - OFF 


WASTE H20 DUMP - OFF 


Align RSI & GDC, 4.15.1.2 


If deorbit 
Set FDAI 2 on ORB RATE & restow, 4.8.4.8 


Scroll can be slewed only one inch in reverse. In 
Vo SET position, both initial velocity in range 
integrator and scroll velocity change simultaneously. 


Checks CM RCS 12, 14, 16, 21, 2h, and 25 jet 
injector temperatures, respectively. 


Jet injector valve direct coils utilized for preheat- 
ing all jets. 
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PROCEDURE 


CMP 6 CM RCS heating completion (if accomplished) 
~40:00 CM RCS HTRS - OFF 


7 Configure entry bats (req) 
LMP cb MNA BAT C - close 275 
cb MNB BAT C - close 


If SPS deorbit 
Cryo 02 & H2 Man Fan Opera, 4.5.3.10 


OL6T ATne JT P37" VIseg 


CDR 9 Panel 8 - all cb closed except (req) 8 
cb PL VENT FLT/PL - open 

cb FLOAT BAG (all) - open 
cb EDS (all) - open 

cb CM RCS HTR (both) - open 


If lunar return 
cb SPS PITCH (both) - open 
cb SPS YAW (both) - open 


a3yeq adueys 


10 Sequencer & CM RCS activation (req) 
After MSFN AOS 
SECS LOGIC (both) - on (up) 
Report logic arm 
ELS AUTO - AUTO i 
ELS LOGIC - on (up) 
After GO from MSFN 
ELS AUTO ~ MAN 
ELS LOGIC ~ OFF 
SECS PYRO ARM (2) - on (up) 
CMP CM RCS PRPLNT (both) - on (up) (verify) 


Lever lock. 


MOOGANVH SNOILVUAdO OTIOadY 


Guarded. 


eased 


Guarded. 
Lever lock. 
On position is momentary. 


NM oo 


CnS-t 
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PROCEDURE 


STA/T STEP 


CM RCS PRPLNT tb (both) - gray 2| Gray indicates fuel and oxidizer isolation valves 


open. 


a7eq 2Iseg 


CM RCS PRESS ~ on (up) 
RCS IND sel - CM 1, then 2 
CM RCS He PRESS ind - 3300-3500 psia 
(after ~15 min) 
CM RCS MANF PRESS ind - 287-302 psia 


Guarded. 


On position is momentary. 


Immediately after pressurization, He pressure less 
than 3300-3500 psia. 


OL6T ATMEL LT 


If deorbit 
SM RCS SEC FUEL PRESS (4) — OPEN 


OPEN position is momentary. No talkbacks. Activates 
secondary fuel tanks for possible SM RCS deorbit. 


RCS IND sel - SM A 


If docking ring still in place (req) 
CSM/LM FNL SEP (both) - on (up) 


Guarded. On position is momentary. Jettisons 
docking ring. 


ayeq edueys 


SECS PYRO ARM (2) - SAFE Lever lock. 


If lunar return, test CM RCS jets 
SC CONT - scs 
CMP RCS TRNFR - CM 
CDR AUTO RCS CM 1 (6) - MNA 
AUTO RCS CM 2 (6) - MNB 
cb B/D ROLL, SCS PITCH & SCS YAW 
MNA (3) - open 
Test ring 2 jets 
cb B/D ROLL, SCS PITCH & SCS YAW 
MNA (3) - close 
cb B/D ROLL, SCS PITCH & SCS YAW 
MNB (3) - open 


CM position is momentary. 


oOonry 


aZeg 


HASH 
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STA/T STEP PROCEDURE 


Test ring 1 jets 
ecb B/D ROLL, SCS PITCH & SCS YAW 
MNB (3) - close 
RCS TRNFR — SM 
SC CONT - CMC 


If lunar return 
TAPE RCDR FWD ~ REWIND 


If hatch counterbalance deactivated 
for EVA (req) 
Activate counterbalance 
mechanism, 4.5.7.3, step b 


Strut unlock lanyard (2) - unstow & 
attach handle ends to MDC (req) 


If SCS, sel POO 


If deorbit 
Go to THRUSTING, 4.13 


If lunar return 
Go to CM/SM Sep, 4.15.2 


215M position is momentary. 
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aszeg 
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STA/T STEP 


h 


LMP 


-12:00 


CDR 


-15.2 CM/SM SEPARATION 


1 If SM RCS deorbit or lunar return 


CAUTION 


If either bat bus A(B) current 
fails to incr after cycling MN 
BUS TIE switch, configure bats 
to.mn buses using cb BAT C TO 

BAT BUS A(B). 


MN BUS TIE BAT A/C - on (up) 
Verify bat bus A current incr &/or 
bat. volt decr 
MN BUS TIE BAT B/C - on (up) 
Verify bat bus B current incr &/or 
bat. volt decr 


2 Configure RCS 
AUTO RCS B/D ROLL Bl & 
AUTO RCS B/D ROLL Dl & 
AUTO RCS PITCH A3 & Ch 
AUTO RCS PITCH C3 & Ah 
AUTO RCS YAW B3 & D4 - 
AUTO RCS YAW D3 & Bh - 


Prepares for battery preloading prior to CM/SM 
separation and verifies batteries transferred to 
main buses. (Previously configured in SPS or 
Hybrid Deorbit Thrusting of 4.13.2.1, 4.13.2.3, 
4.13.3.1 or 4.13.3.3.) 


Verification of current increase for appropriate 
battery bus via DC AMPS indicator (panel 3) 

confirms successful operation of main bus tie motor 
switches. MN BUS TIE BAT A/C and B/C switches at on 
provide 2 batteries on line if cb MNA & B BAT C (2) - 
open, or 3 batteries on line for entry if circuit 
breakers closed (panel 275). 


MOOGANVH SNOILVUGTdO OTIOdV 
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Assumes desired Attitude Control mode, 4.7.1, 
previously selected. 


CM/SM SEPARATION 
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STA/T STEP PROCEDURE 


SM RCS PRPLNT (4) - OPEN (verify) 


ajeq oIseg 


SM RCS PRPLNT tb (8) - gray (verify) 


SM RCS SEC FUEL PRESS (4) - OPEN (verify) 


OL6T ATH LT 


Mnvr to sep att 


If CMC cont 
SC CONT - SCS 


or CMC MODE - FREE 


ajeq esueyy 


If earth orb 
RCS TRNFR - CM 
Test jets 


RCS TRNFR - SM 


ATT DBD - MAX 
RATE - HI 


aseg 


Configure telcom 
VHF AM (2) - off (ctr) 
S BD ANT OMNI A -C 
S BD ANT OMNI — OMNI 
If RCS deorbit 
TAPE RCDR FWD - FWD 


Lys- 
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2 | OPEN position is momentary. Opens 16 quad isolation 


valves. 


Gray indicates quad fuel and oxidizer isolation 
valves open. 


OPEN position is momentary. No talkbacks. Opens 
helium isolation valves between quad helium 
regulators and secondary fuel tanks. 


Nominally deorbit burn attitude plus a 45° yaw out 
of plane. 


During separation, CSM RCS DAP acting upon CM would 
produce undesirable rates. 


If lunar mission, jets test fired in Deorbit or 
Lunar Return Vehicle Preparation, 4.15.1. 


Conserves propellant between separation and .05 G. 


4.15.2 CM/SM SEPARATION 
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aseg 
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STA/T STEP 


:00 


:00 


{ Preload bats 


FC2 MNA - OFF 

FC2 MNA tb - bp 

FC PUMPS (all) - OFF 
HI GAIN ANT PWR - OFF 


8 Configure ECS 


PRIM GLY TO RAD - BYP (pull) 
REPRESS PKG vlv - FILL 

SURGE TK — ON (verify) 

02 PRESS IND sw - SURGE TK 

CRYO O02 PRESS 1 ind - 865-935 psia 
REPRESS PKG vlv - ON 

SM 02 SUP vlv - OFF 

cb ECS RAD CONT/HTRS (2) — open 

cb WASTE H20/URINE DUMP HTRS (2) - open 
cb RAD HTRS OVLD (2) - open 

POT H20 HTR ~ OFF 


9 Arm SECS 


SECS LOGIC (both) - on (up) (verify) 
SECS PYRO ARM (2) - on (up) 


PRPLNT DUMP - RCS CMD (verify) 


EMS MODE - STBY (verify) 


Sep from SM 


CM/SM SEP (both) - on (up) 
SM C/W lts - on 
C/W CSM - CM 


Assures CM 02 supply full before CM/SM separation. 


SECS LOGIC and PYRO ARM lever lock switches required 
for sequencing of separation and landing events. 


Was set to RCS CMD h2 seconds after lift-off. CM 
RCS activated in 4.15.1.4. 


Should remain at STBY until just. prior to entry 
interface to preclude false .05 G sensing. 


Guarded. On position is momentary. 
Low limit SM system lights on at separation. 


CM/SM SEPARATION 


Fate 
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STA/T STEP PROCEDURE 


ss er 


MASTER ALARM pb/l1t ~ on, push 
SM C/W lts - out 
RCS TRNFR - CM 


CM RCS LOGIC - OFF 


Sel Att Cont mode, 4.7.1 
Mnvr to entry att (or to SM RCS deorbit 
att if hybrid deorbit) 
R ,P ey 
Set up for CM/RCS sys 1 (omit for 
hybrid deorbit ) 


AUTO RCS A/C ROLL (4) - OFF 
AUTO RCS CM 1 (6) — MNA or MNB 
AUTO RCS CM 2 (6) - OFF 

Go to P6l Entry Prep, 4.15.3.1 

Go to SCS Entry, 4.15.4 


If G&N Hybrid Deorbit, go to 
4.13.2.3 (step 16) 


If SCS Hybrid Deorbit, go to 
4.13.3.3 (step 14) 


CM position is momentary. Backup to automatic RCS 
transfer. 


Entry DAP not turned on. 


G&N entry DAP will function with either one or both 
CM/RCS systems enabled. 


Electrically isolates CM RCS system 2 for entry. If 
a problem develops in system 1, disable affected 
channel and use direct RCS control. 


MOOPAINVH SNOILVUYATdO OTTOdV 


CM/SM SEPARATION 


(2)-f-II WOTd-€0-vens 
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STA/T STEP PROCEDURE PANEL REMARKS 


4.15.3 G&N ENTRY 


a4eq oIseg 


4,15.3.1 P61 Entry Preparation Displays predicted entry interface parameters and 


Required with MSFN values. 
CMC - on, 4.8.1.3 
ISS - on & orient known, 4.8.1.3 & 4.14 
scS ~ on, 4.8.4.2 


OL6T Athe LT 


DSKY — P61 (sel at end of deorbit burn) 


Key V3TE 61E 


Poss PROG alarm (4.8.1.16) RO2. 


(Rhl ~ State Vector Integration) 


ajyeq esueys 


COMP ACTY 1t — on (R41) Indicates state vector integration in process. 
COMP ACTY 1t -.flashes every 2 sec Indicates integration complete, and average G on. 
(ave G on) 


Poss: PROG alarm 
VO5 NO9 (10 sec) 
01427 (IMU reversed) Zero roll on FDAI is lift-down. -Ysm within 30° of 
V xR. Alarm 01427 always displayed following Pho 
or P4l deorbit if platform aligned to preferred 
orientation computed in P4O or Phi. 


ene 2 


or 01426 (IMU unsatisfactory Neither +Ysm or -Ysm within 30° of V x R. 
for entry) 


OSS~h 


P61 ENTRY PREPARATION 
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obtains EMS initialization parameters for comparison 


MOOPANVH SNOILVYddO OTTIOdV 


(Z)~-f£-II MOOTd-€0-Vvens 


STA/T STEP PROCEDURE 


CMP 2 FL VO6 N61 
Impact Lat (+N) XXX.XX DEG 
Impact Long (+E) XXX.XX DEG 
Hds Up/Dn (+up) +/~00001 


o3eq Clseg 


Accept PRO 
Reject V25E, load desired values 


3 FL VO6 N60 (entry data) 
G max XXX.XX G 


OL6T ATre LT 


V pred XXXXX. FPS 


Gamma EI XXX.XX DEG 


eyeq esueyy 


Red values 
PRO 


k FL V16 N63 


aseg 


RTOGO (.05 G to splash) XXXX.xX IM 


VIO (at .05 G) XXXXX. FPS 


TSS-t 


4.15.3.1 
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Latitude and longitude of desired impact point. 


Heads up/down defines entry roll attitude. 


Normally, these values loaded prior to deorbit. 


Predicted maximum G level for an entry at nominal 
bank angle (L/D = 0.18) 


Predicted inertial velocity at entry interface 
(65.8 NM, 400,000 feet) above Fischer ellipsoid. 


Flight path angle (between inertial velocity vector 
and local horizontal) at 65.8 NM (400,000 feet) 
above Fischer ellipsoid. Minus indicates flight 
path below horizontal plane. 


Display relative to erasable preloaded altitude 
value above Fischer ellipsoid. 


Range to go from preloaded erasable altitude value 
to splash. 


Predicted inertial velocity at preloaded altitude 
value. 


P61 ENTRY PREPARATION 


MOOPANVH SNOILVYAdO OTIOdV 


(2)-f-II WooTd-€0-Vens 


NORMAL/BACKUP 


wide RS. A Ge Tite 


OL6T ATne Lt 97" JIseg 


ayeq esueys 


assed 


eSS~t 


STA/T STEP 


TFE (time from -05 G) XXBXX MIN-SEC Predicted time from now to preloaded altitude value 
(updated every 2 seconds). Predicts about 3 minutes 
longer than actual, following hybrid deorbit when 
called half hour before .05 G. Error varies, 
depending on how early P61 called after deorbit. 
99B59 maximum reading (-above, +below). 


Red & compare with MSFN 


EMS MODE ~ STBY 
EMS FUNC - RNG SET (cw) 
Set RNG ind - RTOGO from .05 G 
(MSFN value) 
Align scroll Vo to exact entry velocity Predicted entry velocity may have been preset in EMS 
(if req) Entry Test, 4.15.1.3. Seroll can be slewed only one 
inch in reverse. In Vo SET position, both initial 
velocity in range integrator and scroll velocity 
change simultaneously. 


Do not go through EMS TEST positions. 
Range to go from preloaded value to splashdown. 


EMS FUNC - ENTRY 


Accept PRO (exit P61) 
P6l calls P62 
Go to G&N Entry, 4.15.3.2 


Reject V32E, recycle to 3 Obtains new state vector and updated N60. 


P61 ENTRY PREPARATION 


mm 
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a or 


oL6T AtTne LT 9"C Stseg 


ayeq esueyn 


azeg 


€SS-t 


4.15.3.2 


PROCEDURE 


4.15.3.2 P62, P63, Poh, P65, P66, P67 Entry 


Required 
CMC ~ on, 4.8.1.3 
ISS — on & orient known, 4.8.1.3 & h.1k 
SCS ~- on, 4.8.4.2 


DSKY - P62 
Auto sel by P61 (bypasses state vctr 
extrapolation reqt) 


If FL V37 
Key 62E 


Key V37E 62E (ave G reinitiated) 


Poss PROG alarm (4.8.1.16) 
(R41 - State Vector Integration) 


COMP ACTY 1t - on (R41) 
COMP ACTY 1t - flash every 2 sec (ave G on) 


Poss PROG alarm 
VO5 NO9 (10 sec) 
01427 (IMU reversed) 


or 01426 (IMU unsatisfactory 
for entry) 
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RO2. 
R4l bypassed if P62 called by P61. 


Indicates integration in process. 
Indicates integration complete, and average G on. 


Zero roll on FDAI is lift-down. -Ysm within 30° of 
V xR. Alarm 01427 always displayed following P4O or 
Phi deorbit if platform aligned to preferred orienta- 
tion computed in PhO or Phi. 


Neither +Ysm or -Ysm within 30° of V x R. 


P62, P63, P64, P65, P66, P67 ENTRY 


AOOPANVH SNOILVYAdO OTTOdV 
(2)-f-II WOOTH-€0-VeNs 


oL6T Atne LT 387%c Ofseg 


a3yeq esueyy 


adeg 


HSS~t 


STA/T STEP 


CMP 


PROCEDURE 


2 FL V50 Ne5 


00041 (request CM/SM sep) 


4 FL VO6 N61 


Impact lat (+N) 
Impact long (+E) 
Hds up/down (+Hds up) 


XXX.XX DEG 
XXX.XX DEG 
+/-00001 


Accept PRO 
If a <45° -~ DSKY P63, 
go to 6 
Reject V2SE, load new data 


VO6 N22 (mon) 
R, P, Y XXX.XX DEG 
Ifa >45° 
21 sec after a <45°, DSKY P63 
ORDEAL Pitch - ° (Hds up) 
ORDEAL Pitch - © (Hds down) 


DSKY - P63 


If CM and SM not separated prior to this step, sepa- 
ration should be accomplished now per 4.15.2. V37s 
inhibited after response to this display, except P00; 
programs not requiring DAP control may then be 
selected from POO. P62 should be reselected before 
entry into atmosphere because average G terminates by 
going to POO. 


Starts entry DAP. Roll attitude error scaling 
changed in G&N for compatibility with 50/15/50/10 
FDAI scale position. After PRO and until 50/15/50/10 
selected, full scale roll error 20°, not 5°. 

Latitude and longitude of desired impact point. 
Defines entry roll attitude. 


If a within 45° of (-) velocity vector, P63 
automatically called. 


Final gimbal angles at EI. 
P63 called if a within 45°. 


Display bypassed and 


IMU inertial attitude on FDAI 1 and ORDEAL local 
vertical attitude on FDAI 2. 


P62, P63, P64, P65, P66, P67 ENTRY 
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ayeq oIseg 


OL6T Ate LT 


ayeq edueyn 


azeg 


GSS~t 


STA/T STEP 


CDR 8 After CM/SM sep & CM stab at entry att 


CDR , CMP 


PROCEDURE 


EMS MODE ~- NORM 


ATT DBD ~— MAX 

RATE - HI 

FDAI SCALE - as desired 
Mon FDAIs & RSI 


ra 


Left in STBY until after separation and stabilization; 
if no postburn update, and for RCS deorbit, start EMS 


1,2 


NARS LEANNA AAAS TE 


CDR 


If abnormal veh dynamics 


Damp rates with dir RCS 
RHC PWR DIR (both) - OFF 


If abnormal veh dynamics 


continue 


RHC PWR DIR (both) - MNA/MNB 
Damp rates with dir RCS 
AUTO RCS (affected axis) - OFF 


Continue with dir RCS (affected axis) 


x x 
XXXKXXXXKXKAXXKXKXKKXKAXXXAKKAXXKKXKKXKXKXXXKXXKKXXK 


CMP 9 VO6 N64 (mon) 


4.15.3.2 


Drag accel 
VI 


Range to splash 
(+ overshoot ) 
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XXX.XX G 
XXXXX. FPS 


XXXX.X NM 


by positioning EMS MODE from STBY to BU at MSFN 
supplied value of RET .05 G. Also refer to 4.6.1.1, 
note 9. 


This procedure sequence minimizes failure isolation 
time. (Another functionally acceptable method 
disables AUTO RCS switches first, then RHC direct 
power. ) 


N68 and N74 available if desired. 
Inertial velocity (nominal). 
Range to go to desired splashpoint located at 


calculated impact time (decreasing). Display 
bypassed on first 2-second cycle. 


P62, P63, P64, P65, P66, P67 ENTRY 


MOOGANVH SNOILVYadO OTTOdV 
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NORMAL/BACKUP 


Some oe mae + 


oL6T tmp LT 87" Osea 


ayeq esueuD 


eseg 


9SS~y 


STA/T STEP 


PROCEDURE 


PCM BIT RATE — HI 
TAPE RCDR RCD — RCD 
TAPE RCDR FWD ~ FWD 
BMAG MODE (3) - RATE 2 


MAN ATT (3) - RATE CMD 
SC CONT - CMC 


CMC MODE ~ AUTO, HOLD, or FREE 


DSKY — P64 (at .05 G) 


05 G sw — on (up) 
EMS ROLL - on (up) 


.05 Git — on 


FOOT AENEAN EEN AER ERATE EE 


If no .05 G indication by RET .05 G 
+3 sec 
EMS MODE ~— BU 


x x 
XXXXXAXKK KK XXXKKXAXKAAKKAXAXKAXKKKKXKKXKKXKKKK 


Scroll slews to left 
RNG ind decr 


PANEL 


Cages attitude BMAGs. Prevents SCS-driven FDAI roll 
stability indicator from jumping when GAl BMAGs 
automatically cage at .05 G. 


Configuration required for auto G&N entry and normally 
selected at last status check prior to .05 G. 


Entry DAP does not look at CMC MODE switch. 


CMC changes Entry DAP from attitude hold in alpha and 
beta to rate damping in pitch and yaw (roll 
unchanged). 


.05 G and EMS ROLL switches should be placed on 
simultaneously to minimize EMS error. 


.05 G 1t will not necessarily occur simultaneously 
with P64 on DSKY. 


At .05 G +10 seconds, one lift vector light will come 
on; disregard light. 


P62, P63, P64, P65, P66, P67 ENTRY 
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PROCEDURE 


STA/T STEP 


CMP 10 VO6 N74 (mon) 
Beta XXX.XX DEG 
VI XXXXX. FPS 
Drag accel XXX.XX G 


ayeq diseg 


Compare RSI & ball for lift vctr 
G-V plot within limits 


OL6T 4IML LT 


11 If DSKY - P67 
Go to 18 


12 DSKY ~ P65 (entry up-cont) 
Indicates VI >27K fps & constant drag 
cont has brought range prediction 
to within 25 NM of desired range 


ayeq eueyoD 


CDR EMS disp - approach DSKY disp DL & VL 


aseg 


CMP 13 FL V16 N69 (computed exit conditions) 
Beta XXX.XX DEG 
DL XXX. XX G 
VL XXXXX. FPS 


LSS~t 


4.45.3%2 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


N64 and N68 available if desired. 
Commanded bank angle. 

Inertial velocity (decreasing). 
Drag acceleration (increasing). 


Violation of an EMS G onset ray should be followed 
by an orientation to lift vector up. Violation 

of an EMS G offset ray should be followed by an 
orientation to lift vector dow. If at point of 
tangency, G&N not commanding lift-up or lift-down, 
manually orient CM and terminate G&N steering. 


P64 calls P67 at 0.2 G if VI at .05G (step 10) 
<eTK fps. Entry velocities >27K fps are possible 
from RCS deorbits. 


P65 not applicable to low earth orbital mission. 
Executes entry up-control guidance, which steers CM 
to calculated reference trajectory, and establishes 
entry up-control displays for crew use with EMS to 
determine whether backup procedures should be 
implemented. Also selects entry—ballistic phase 


program (P66) if D <DL (=0.196 G) sensed, or selects 
final phase program (P67) if D >DL (=0.196 G) sensed, 


R dot negative, and V sufficiently low. 


Commanded bank angle. 
Drag acceleration at end of up control. 
Velocity at end of up control. 


P62, P63, P64, P65, P66, P67 ENTRY 


NORMAL BACKUP 
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ayeq vIseg 
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aded 
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Red data for 


PRO 


FDAI att err 
rates 


Vo6 N74 
Beta 
VI 
Drag accel 


If DSKY - P67 
Go to 18 


later use with EMS 


deg 
deg/sec 


DSKY - P66 (entry-ballistic) 


VO6 N22 (desired gmbl angles) 


R, P, Y 


Check FDAI. tot 
FDAI att err 
rates < 


(Three-axis DAP cont regained when <.05 G 
sensed, & relinquished when .05 G again 


sensed) 


XXX.XX DEG 


att = DSKY values 
< deg 
deg/sec 


a 


THIS SCANNED COPY IS PROV 


2|N69 may be terminated by PRO, or selection of either 


P66 or P67 by entry guidance provides automatic 
termination. 


N64 and N68 available if desired. 


P67 occurs if drag >DL, R dot negative, and V 
sufficiently low. 


Automatically selected by P65 when D <DL (=0.196 G). 
Not applicable to low earth orbit mission. N64, N68, 
N74 available if desired. 


Maintains CM attitude during ballistic (skipout) 
phase for atmospheric re-entry and selects P67 when 
re-entry (drag acceleration builas up to Q7F +0.5 fps 
squared, ~0.2 G) sensed. 


P62, P63, P64, P65, P66, P67 ENTRY 
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PROCEDURE 


STA/T STEP 


ajyeq o1seg 


18 DSKY — P67 
CDR EMS ~- 0.2 G (if 10 sec since .05 G) 


CMP 19 VO06 N66 (mon) 
Beta 


OL6T ATML LT 


CRSRNG ERR XXXX.X NM 


DWNRNG ERR XXXX.X NM 
Key VERB (freeze disp) 
Compare DWNRNG ERR to pad data 
(DWNRNG ERR within 100 NM of 
pad data) 


a3yeq edueyy 


HXXAKANXAAAAAAXAAAKANAAXXAXAXAXAXAT 


If DWNRNG ERR not within 100 NM 
Maintain BBA entry 


x. x 
XXXKXXKXAKXXXAKXKXXXXXAXKKXXKXXXXXXKXKXKKXK 


aseg 


KEY REL (reinstates VO6 N66 mon) 


Fly roll cmd 
Mon lift vetr on RSI & ball 


6SS-" 


4.15.3.2 
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P67 continues entry guidance from ~0.2 G until 
termination of steering when CM velocity with 
respect to earth = 1000 ft/sec (=10.7 NM altitude). 
N64, N68, and N74 available if desired. 


Commanded bank angle (-command will correct for 
+ cross range error). 


CMC solution for cross range error (+ target south 
of direction of motion). 


CMC solution for down range error (decreasing); + is 
overshoot. 9999.9 after overshoot of target. 


P62, P63, P64, P65, P66, P67 ENTRY 
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ol6T- Aine Lt Ira OR ee 


33eq asueyo 


aseg 
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STA/T STEP PROCEDURE 


CMP 20 FL V16 N67 (mon) 


Range to splash XXXX.X NM Range to go to desired splashpoint (+ is overshoot). 
(+ overshoot ) 


Lat present position XXX.XX DEG Latitude and longitude of present position. 
(+N) 
Long present position XXX.XX DEG 
(+E) 
(V REL = 1000 fps at =65K') 


If Rl = -, lift-up; +, lift-down 

Mon altimeter 

Red lat, long, & voice to RECY at 10K’ 
Red EMS RTOGO 

EMS MODE — STBY 

EMS FUNC — OFF 


21 Go to Earth Ldg Phase (<50K'), 4.16 


P62, P63, P64, P65, P66, P67 ENTRY 
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PROCEDURE 


STA/T STEP 


4.15.4 SCS ENTRY 


Assumes CM and SM separated. During entry, do not 
"fly to" a pegged rate needle. For this contingency, 
control to operational attitude ball or out-the— 
window visual cues. 


o7eq Iseg 


CMC - on (desired), 4.8.1.3 

ISS - on & orient known (desired), 4.8.1.3 
& heh 

SCS - on (req), 4.8.4.2 

RSI aligned, 4.15.1.2 


OL6T Atne LT 


Verify/mnvr to entry att SCS acceleration command recommended until .05 G for 


failure takeover considerations. 


EMS Entry Test, 4.15.1.3 May have been done during Deorbit or Lunar Return 


Vehicle Preparation, 4.15.1. 


2 EMS MODE - STBY 1 
EMS FUNC - RNG SET (cw) 


ayeq asueyy 


Do not go through EMS TEST positions. The following 
steps to be done as soon as possible after deorbit AV. 


Set RNG ind - RTGO from -05 G 
(MSFN value) 


EMS FUNC -— Vo SET 
Realign scroll Vo to exact entry velocity 
(if req) 


Predicted entry velocity preset in step 1 (EMS Entry 
Test). Scroll can be slewed only one inch in reverse. 
In Vo SET position, both initial velocity in range 
integrator and scroll velocity change simultaneously. 


HOOPANVH SNOILWUAdO OTIOdV 


EMS FUNC — ENTRY 


aszeg 


Align RSI to desired angle (if necessary ) 
ATT SET - GDC 
EMS ROLL - on (up) 


This alignment may be performed prior to launch or 
prior to deorbit. 


T9S—t 


4.15.4 SCS ENTRY 


NORMAL/BACKUP 
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e3eg 
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sara = A 


CDR 


GDC ALIGN pb - push, hold 
ATT SET YAW tw - position RSI 


GDC ALIGN pb - rel 

EMS ROLL - OFF 

ATT SET YAW tw - rset 

GDC ALIGN pb - push (32 sec max) 


6 After CM SM sep & CM stab at entry att 


EMS MODE — NORM 


ATT DBD - MAX 
RATE — HI 

FDAI SCALE - 50/15/50/10 

BMAG MODE (3) - RATE 2 

MAN ATT ROLL - ACCEL CMD 

MAN ATT PITCH & YAW - RATE CMD 


PCM BIT RATE - HI 
TAPE RCDR RCD -— RCD 
TAPE RCDR FWD - FWD 


Mon FDAIs & RSI 


| EMS roll stability indicator alignment provides 


indication of backup bank angle (BBA). 


Left in STBY until after separation and stabilization; 
if no postburn update, and for RCS deorbit, start EMS 
by positioning MODE switch from STBY to BU at MSFN 
supplied value of RET .05 G. Also refer to 4.6.1.1, 
note 9. 


Cages attitude BMAGs, preventing SCS-driven FDAI RST 
Jumping at .05 G when GA 1 attitude BMAGs automati- 
cally caged to furnish rate information for SCS-driven 
FDAI RSI. This configuration can be delayed, as close 
to .05 G as convenient, for propellant conservation. 


SCS ENTRY 
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PROCEDURE 


STA/T STEP 


JO AMAIA KA AK AA AKA AA AAA AH AHA AKA AR AKANE 


If abnormal veh dynamics 
Damp rates with dir RCS 
RHC PWR DIR (both) - OFF 


If abnormal veh dynamics continue 
RHC PWR DIR (both) - MNA/MNB 
Damp rates with dir RCS 


AUTO RCS (affected axis) - OFF 
Continue with dir RCS (affected axis) 


x x 
XXXAAXXXKXXXXXAXXXKXXXXXXXXXXKKXXXXKXXKXKXKXKXKKKXX 


EVNT TMR ind - mon for .05 G time 
-05 G 1t ~ on 


FAA AAIAAKAH AAA KAR AA AA KANN AA AAAAAE 
If no .05 G lt by RET .05 G +3 sec 


EMS MODE — BU 


x x 
XXXKKKKXKKKXXKXKXXKXXXXXXXAXKXXKKKXXKXKX KKK 


-05 G sw - on (up) 


EMS ROLL - on (up) 


Seroll slews to left, RNG ind decr 


4.15.4 
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This procedure sequence minimizes failure isolation 
time. (Another functionally acceptable method 
disables AUTO RCS switches first, then RHC direct 
power. ) 


Backup cue may be obtained from MSFN or CMC. 


Lift vector lights do not function in EMS BU mode. 
If RNG indicator not decreasing, EMS ranging 
capability lost. 


At .05 G +10 seconds, one lift vector light will come 


on; disregard light. 


-05 G and EMS ROLL switches should be placed to 
on simultaneously to minimize roll attitude error. 


If scroll slews in one axis (V or G), that axis 
usable. 


SCS ENTRY 


MOOGANVH SNOILVUAdO OTTIOdV 
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PROCEDURE 


Mnvr to BBA & maintain until range poten— 1 | BBA is backup bank angle. 
tial guidelines can be interpreted, then 
null range err using range potential Disregard corridor lamps (as corridor verification 
guidelines & EMS RNG ind. While nulling cues) for entry from earth orbit (entry velocity 
range err, avoid tangency to G on-set <35K fps). 
lines. Reverse bank angle at RETRB to 
null lateral range err. RETRB is retrofire elapsed time to reverse bank. 


8 Go to Earth Lag Phase (<50K'), 4.16 


SCS ENTRY 


a4 rr-oa oe 
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4.16 


STA/T STEP PROCEDURE 


4,16 EARTH LANDING PHASE (<50K') 


CDR 50K' CAB PRESS RELF viv (2) - BOOST/ENTR 


(safety latch on) 
Report CM stable 


FAXAAAAAAKALELAAALAAAA AK ALAAAAAAAK ARE 


CM unstable 
RCS CMD - OFF 
APEX COVER JETT pb - push 
DROG DPLY pb - push 
(2 sec after apex cover jett) 


x x 
XXXKXXXXKKKXKXXKXKXKK KK KKK XXX AXAAKAKXAXKKK 


ELS LOGIC - on (up) 
ELS AUTO - AUTO 
SEC COOL EVAP — off (ctr) 
GLY EVAP H20 FLOW - off (ctr) 
SCS RCS disable (auto) 
NAA SEER TARE 

RCS CMD - OFF 

x 


Xx XXXXXXXXXKAKAAK 
Apex cover jett (auto) 


AAXAKAAAKAKANAKAK LX AAAXAAAKAK 
APEX COVER JETT pb - push 


x x 
XXXXKXAXKKXKXAKXKAAKAXKK XX KXKKKXXKXK 


OFF position is momentary. 
Guarded. 
Guarded. 


Guarded. 


Required only if secondary loop in operation. 


OFF position is momentary. 


The apex cover will be jettisoned at 24K feet plus 
0.4 seconds. 


1 | Guarded. 


EARTH LANDING PHASE (<50K') 
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STA/T STEP PROCEDURE 


Drogue chutes deployed (auto) 


AXAAXAXAXXAAARAXAX XARA 
DROG DPLY pb ~ push 


x. x 
XXXXXXXKXKRKXXKXXKXXXKXXXKXXX 


aa aa a ac 


If no drogue deployment 
ELS AUTO - MAN 
Stab CM with dir RCS 
5K' MN DPLY pb — push 
ELS AUTO — AUTO 


x x 
XXXXXKXXXXXXAKXKRXAXKXKXKXKXKXKXXXXXXK 


Mon CAB PRESS ind - starts incr 


RII IARI IAI AR AIS 


If no incr by 17K' 
rh CAB PRESS RELF vlv — DUMP 
(safety latch off) 


If still. no incr 
CAB PRESS DUMP vlv - 
open (CCW) 


x x 
XXXXXXXKXXKXXXKXXXXXXAXXXKXXXXKXXXXXXXXX 


PANEL 


Side hatch 


REMARKS 


Drogue parachutes deployed at 24K feet plus 2.0 sec- 
onds. The CM may be very unstable until the drogue 
chutes disreef in =1l seconds. 


Guarded. 


Guarded. 


No increase indicates cabin pressure relief valve 
failure. 


RH valve has four positions. 


EARTH LANDING PHASE (<50K') 


~*~ ' 
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Mn chutes & VHF recovery ant Auto deployment occurs between 10,950 and 9,100 feet. 
deploy (auto) Parachutes disreef in ~15 seconds after pilot mortars 
fire. 


MN DPLY pb - push (within 1 sec) Guarded. MN DPLY pushbutton should be pushed 
within 1 second after pilot mortars fire to ensure 
simultaneous deployment of main parachutes. 


ol6t tyne JT etree 


SRG TK 02 viv — OFF 

REPRESS PKG viv - OFF 

DIRECT 02 vlv - OPEN (CCW) 

Set up entry comm 
VHF ANT ~ RECY 
VHF AM A - SIMPLEX If VHF AM B SIMPLEX or VHF AM A DUPLEX required, 
VHF BCN - ON turn off beacon during period of communication. 


Transmit voice (VHF AM) reporting Continue voice transmission until touchdown. 


ayeq esueyyo 


Position 
Mn chutes disreefed 
Splash err 
Crew stat 
Crew couch struts (4) - unlock 
CM RCS LOGIC ~ on (up) 1] Must be on to power CM PRPLNT DUMP switch. 


MOOGANVH SNOILVYAdO OTTOdV 
(2)-f£-II WOOTd-E€O-VeNS 


CAUTION 


CM PRPLNT DUMP should be init 
immediately after mn chute dis- 
reefing. If mn or pyro bus lost, 
use RHCs for burn, not CM PRPLNT 
DUMP sw. 


aseg 


196-1 


4.16 EARTH LANDING PHASE (<50K') 


‘NORMAL/BACKUP 
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aseg 
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STA/T STEP PROCEDURE 


CAB PRESS RELF vlv (2) - CLOSE 
(safety latch off) 


FAKKARAAAAAAAKAAAAKARAAAAKAAAF, 


If CAB PRESS DUMP viv used 
to equalize AP, CAB PRESS 
DUMP vlv - close (CW) 


x x 
XXKKAKXXXXKXXXKXXXXXXXKXXKXXXXKXKXXXK 


CM PRPLNT DUMP - on (up) 
(dump burn is audible) 


RCS IND sel - CM 1 & 2 
RCS He PRESS ind - decr 


aa aa aa as a 


No burn or no press decr 
RHC (both) - fire all RCS jets 
(except + pitch) until 
prpints are depleted 


x. ; x 
XXXXXKXXKXXKKXKKKXKXXXKXXXKXKRAXKAXAXXXXKXXXXK 


When. prplnt. dump burn completed 
CM PRPLNT PURG - on (up) 
(purge is audible) 


PANEL 


REMARKS 


One RHC positioned to command plus yaw and roll 
(excluding plus pitch) and other RHC positioned 
to command minus yaw, pitch, and roll. 


Guarded. Both CM RCS LOGIC and CM PRPLNT DUMP 
switches must be on (up) to power CM PRPLNT PURG 
switch. Visible fire from RCS engine nozzle 
extension surfaces, after burn to depletion and 
during purge, expected and normal. 


EARTH LANDING PHASE (<50K') 
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CDR , CMP 


OL6T Atne LT 27°C Ptsea 
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aded 
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4.16 


STA/T STEP PROCEDURE 


FXAKAAAAAAAAAAAAARAKAXAHARAK ARRAN 
CM RCS He DUMP pb - push 


If RHC (both) used for prplnt 
' dump burn 
RHC (both) - fire all jets 
(except + pitch) 


Fax xxxXXAXXAAAAKKAXARAXXXXAKKAXK AS 


CAB PRESS RELF vlv (2) - BOOST/ENTR 
(safety latch off) 


i a te ean 


If CAB PRESS DUMP viv 
used to equalize AP, CAB 
PRESS DUMP viv - open 
(ccw) 


x x 
XXXXKAKXXKKXAKKKKKKKKXXKXKKXKXXKXKKKK 


If night ldg 
cb FLOAT BAG (all) - close 
PL BCN LT — LO 


cb FLT/PL BAT BUS A, B & BAT C 
(3) - close 

cb FLT/PL MNA & B (2) = open 

cb SPS PITCH (2) - open 

cb SPS YAW (2) - open 


Guarded. CM RCS He DUMP pushbutton should be used to 
initiate purge following a normal dump operation if 
CM PRPLNT PURG switch fails to initiate purge. 


One RHC positioned to command plus yaw and roll 
(excluding plus pitch) and other RHC positioned to 
command minus yaw, pitch and roll. 


The postlanding beacon light has longer operating 
life in LO. 


Connects battery bus A, B, and battery C to flight 
and postlanding bus. 


EARTH LANDING PHASE (<50K') 
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STA/T STEP 


CMP 


3K" 
CDR 


800! 


CMP 


CDR 


PROCEDURE 


CM RCS PRPLNT (both) - OFF 


CM RCS PRPLNT tb (both) - bp 


rh CAB PRESS RELF viv — DUMP 
(safety latch off) 


FLOOD FIXED - POST LDG 


FLOOD DIM - 1 or 2 


CAB PRESS RELF vlv (2) - CLOSE 
(safety latch off) 
a a a lA aan hc 


If CAB PRESS DUMP viv used 
to equalize AP, CAB PRESS 
DUMP viv - close (CW) 


x x 
XXXXXXKXKKXXXKXXXXKXKXKXKXKKXAKXXXKKKA 


ELS AUTO ~ AUTO (verify) 
ELS LOGIC - on (up) (verify) 


a 


2 


325 


OFF position is momentary. Prevents RCS fume 
ingestion into cabin at 3K' when CAB PRESS RELF 
viv — DUMP. 


Barber pole indicates at least one valve (fuel or 
oxidizer) closed in the particular system 1 or 2. 


Assures minimum cabin-to-ambient negative AP for 
landing impact. 


Provides power from flight and postlanding bus to 
one floodlight in LH couch area and one flood- 
light in center couch area. Minimize floodlight 
use during postlanding. Maximum utilization should 
be 9.6 hours per 48-hour period. 


Position 1 provides power to two secondary floodlights 
and position 2 provides power to two primary flood- 
lights when FLOOD LTS FIXED switch in POST LDG 
position after dc main buses deactivated. 


Valves must be closed prior to touchdown to prevent 
water from entering CM. 


Guarded. 


EARTH LANDING PHASE {<50K') 
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STA/T STEP PROCEDURE 


4,16 


MN BUS TIE (2) - OFF 5 | Removes battery power from de main buses. 
CAUTION 


MN BUS TIE sws must be left in OFF 
position to ensure that bats A, 

B, and C are used to pwr the PL 

bus only, & to prevent bat shorting 
caused by water entering the CM 
feed-thru connectors. 


cb BAT RLY BUS (2) - open 


Postlanding Check, 4.17 


EARTH LANDING PHASE (<50K') 
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LMP 
CMP 


oL6t ATL LT 
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4.17.1 


STA/T STEP PROCEDURE 


4,17 POSTLANDING 


4.17.1 POSTLANDING STABILIZATION 


cb MN REL (2) - close 
MN REL - on (up) 
FXAKAAAAAAAKA AAA KA AAAAA AKA AAG 


If no mn chute rel 
ELS AUTO - AUTO (verify) 


ELS LOGIC - on (up) (verify) 
MN REL - on (up) 
x 


XxxxXXXXAAKKAAXXXRAAXAXKAXXKXXXKXX 
WARNING 
If fire or smoke after impact, 


refer to Fire/Smoke in CM 
During Postlanding, 5.3.3.1. 


SECS PYRO ARM (2) - SAFE 
SECS LOGIC (both) - OFF 


If not in contact with recovery forces 


VHF AM (3) - RCV 
VHF AM A - off (ctr) 


VHF AM RCV - A 


Guarded. 


Guarded. 
Guarded. 


9,10,6 
3 


On position is momentary. 
parachutes. 


Switch should have been on at least 14 seconds to 
allow timer to time out and enable MN REL switch. 


On position is momentary. 


8] Lever lock. 
Lever lock. 


POSTLANDING STABILIZATION 
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sala a ry 


CDR cb PL VENT FLT/PL - close 8 
cb FLOAT BAG (all) - close 
LMP cb UPR SYS COMPR (both) - close 278 


If floating upright 
CAUTION 


Wait 10 min prior to init bag fill. 
This allows the ablator to cool 
sufficiently prior to inflation. 
Heat can destroy bags. 


CDR FLOAT BAG (all) - FILL for 7 min, 8 
then OFF 


SR CRRA IOS 


If floating inverted 
FLOAT BAG (all) - FILL 
LMP VHF BCN ~- OFF 3 
VHF AM A - off (ctr) 


Two min after upright 
CDR FLOAT BAG (all) - OFF 8 
LMP VHF BCN — ON 3 


If in contact with recovery forces 
prior to floating inverted 
VHF AM A - SIMPLEX 


Lever lock. Wait 15 minutes prior to running 
compressors again. 


Lever lock. 


Lever lock. 


If VHF AM B SIMPLEX or VHF AM A DUPLEX required, 
turn off beacon during period of communication. 


POSTLANDING STABILIZATION 


neal 


~ Sty dae 
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STA/T STEP 


heated 


PROCEDURE 


If CM fails to upright in 7 min 
& 
CM rolls CW 


FLOAT BAG 2 R - OFF 
(Continue uprighting for 8 
additional min) 


If uprighting does not occur in 
3 min, reposition to area behind 
CDR's couch & CMP's couch as 
near as poss to B3 stowage 
locker 


CM rolls CCW 
FLOAT BAG 1 L - OFF 
(Continue uprighting for 8 
additional min) 


If uprighting does not occur in 
3 min, reposition to area 
behind LMP's couch & CMP's couch 


No roll 
FLOAT BAG 3 CTR - OFF 
(Continue uprighting for 8 
additional min) 


Crew reposition procedures may be required if 
uprighting does not occur in 7 minutes and sea state 
is minimal. 


Lever lock. 


Lever lock. 


Lever lock. 


POSTLANDING STABILIZATION 
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STA/T STEP PROCEDURE 


If uprighting does not occur in 
3 min, reposition to area 
on top of or along lower 
equip bay cstr 


WARNING 


If CM still does not upright, 
prepare to egress within 

15 min (because of environ- 
mental conditions) after 
completing above uprighting 
procedure. Refer to Stable II 
Water Egress Procedure, 4.17.4.3 


x x 
AXXXXXXXXXXAXKXKKXXXXXXXXXXXKXXKXXKXKXKXKKKKK 


POSTLANDING STABILIZATION 
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Pe gar 


amecommomascapcmnaae 


: roan 
ae a ae ee ae 
a] 
s) 4.17.2 POST STABILIZATION AND VENTILATION 
wv 
oe 
®. | ALL Release footstraps 
fs Release restraint harness 
— | LMP cb MNA BAT BUS A & BAT C (2) — open 275 
S, cb MNB BAT BUS B & BAT C (2) - open 
An cb FLT/PL BAT C ~ open Battery C held in reserve for use after depletion of 
css battery A and B charge. 
9 ecb PYRO A/SEQ A - open 250 
Oo eb PYRO B/SEQ B - open 
DC IND sel - BAT BUS A,B 3 
Qa pC VOLTS ind - >27.5 vde 
om 
5 AXXANAAKAXANAH AK AAA AK KAHAN AKA AAA AKAN AHA 
- If BAT BUS A(B) <27.5 vde 
o cb FLT/PL BAT BUS A(B) - open 275 
D Go to Comm Low Pwr Procedures, 
Ly iy ga es 
If BAT BUS A & B (2) <27.5 vde 
cb FLT/PL BAT BUS A & B (2) - open 
cb FLT/PL BAT C - close 
Go to Comm Low Pwr Procedures, 
4.17.3.3, & mon BAT C voltage 
A HK XKKAKARA NANA KAA AK AXKAKAKKNK KK NK XXX KKK 
gq 
® | CMP PLV distribution duct (3) - unstow Stowed in aft bulkhead stowage area. 
& install 
Remove debris trap from left Allows cabin air to flow to PL valve exhaust port on 
X-X head strut at MDC forward bulkhead. 
PL VENT VLV - PULL (unlock) 2 
B al 
ba 
—~j 
mi he iat Be a ae ee es 
4.17.2 POST STABILIZATION AND VENTILATIO® 
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STA/T STEP 


PROCEDURE 


PL VENT - HI or LO 


aa i aan 


If no PLV operation 
To initially open vivs 
PLVC sw — OPEN 
To close vivs 
PL VENT ~ OFF 
To reopen vivs 
PL VENT - HI or LO 


< ’ 
HXXXXXXXXXXXXXXAXXXXXXXXAXKS 


PL BCN LT ~ LO 


XAXAXXAKAXAXAAKAAKAAAKARAKARH 
If no flashing 1t 
FLOOD FIXED - POST LDG 


for 1/2 min 
OFF for 1/2 min 


x x 
XXXXXXXKXXXXXXXXXXXXXXXAXXXXX 


Deploy dye marker & swimmer umbilical 


DYE MARKER - on (up) 


PANEL 


REMARKS 


PLV fan can operate in high flow for 12 hours maximum. 


During periods of no PLV fan operation, cycle PLV 

5 minutes every half hour. If RCS fumes are noticed, 
prepare to egress immediately. PL VENT should be 
cycled from HI to LO prior to using manual backup 
procedure. 


Prepare to egress CM in 30 minutes after landing 
if valves cannot be opened. 


After dark only. Place switch at HI only at request 
of recovery forces. 


Perform backup duty cycle at request of recovery 
forces. 


Guarded. On (up) position is momentary. 


POST STABILIZATION AN VENVILATION 


Paar 4 roosay 
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STA/T STEP PROCEDURE 


4.17.2 


INTERCOM (3) - T/R (verify) 9,10,6] Required for swimmer umbilical operation. 
Deploy line grappling hook (if req) Grappling hook deployed at request of recovery 
CAB PRESS DUMP vlv - remove Side hatch! forces. It is located in aft bulkhead stowage area 
Grappling hook & line —- deploy and is for snagging sea anchors deployed vy recovery 
thru viv opening forces. Adapter E and driver R tools required to 


remove cabin pressure dump valve and secure cover 


Cover plate - secure 
plate on side hatch (over valve opening). 
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STA/T STEF 


4.17.3 
oat es ta 3 


LMP VHF 
VHF 


If n 
VH 
Mo 


VE 
If 


PROCEDURE 


POSTLANDING COMMUNICATIONS 


Normal Postlanding Communications 


BCN - ON (verify) 
ANT - RECY (verify) 


o contact with recovery forces 
F AM B — SIMPLEX 
n for VHF ben 1000 Hz tone 
(2 sec on, 3 sec off) 
F AM B ~ off (ctr) 
VHF ben not audible 
Remove survival transceiver from 
stowage & mount ant 
Sel VOICE on transceiver 
Mon VHF ben for 1000 Hz tone 
(2 sec on, 3 sec off) 
If VHF ben operating 
Turn off survival transceiver 
Stow transceiver in RHFES 


ee ag am had ee 


If 


Se 
Mo 


no VHF ben sig, turn off 
transceiver, remove ant, & conn 
transceiver to ant per 4.17.3.2 
1: BCN on transceiver 
n VHF AM for comm initiated by 
recovery aircraft 


Rx xxxXXXXXXXXKKXXKXXXKXKXK ARN AXAK AKA 


PANEL 


Government-furnished survival transceiver stowed in 
RHFFB. 


POSTLANDING COMMUNICATIONS 


fa 


poy ssc 
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STA/T STEP PROCEDURE 


VHF BCN - OFF (if no contact after 
2k hours ) 
Survival transceiver - conn to VHF 
BCN ant cable 
Remove survival transceiver from 
stowage 
Unlatch & open VHF ant access. door 


ajyeq o1seg 


OL6T AtToe LT 


Disconnect P1l2 conn from ben 


Attach transceiver cable Pl conn to 
transceiver (verify) 

Conn transceiver cable Jl conn to 
P11l2 conn 

Select BCN on transceiver 


ayeq esueyy 


4.17.3.3 Communications Low Power Procedures 


VHF BCN - OFF 

FLOOD FIXED — OFF 

VHF AM A - off (ctr) 

VHF AM RCV - A 

PL VENT sys - minimize use 

Survival transceiver - conn to VHF 
A BCN ant cable (refer to Survival 
* Transceiver Comm, 4.17.3.2) 


4,17.3.4 Spacecraft Power Down 


PL VENT - OFF 
cb ENTRY/PL BAT A, B, C (3) - open 


4.17.3.2 Survival Transceiver Communications 


3 | Conserve spacecraft power for terminal phase of 
recovery operations. 


Transceiver is stowed in RHFEB. 


A 5/32" hex wrench, for opening two hex fasteners on 
antenna cable access door, stowed in aft bulkhead 
stowage area. 


An adjustable wrench, stowed in aft bulkhead stowage 
area, used to loosen 5/8" hex on coax connector. 


(2)-£f£-II WOOTH-£0-VeNS 


Turns off postlanding floodlights. 
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4.17.4 UNAIDED EGRESS PROCEDURES 


4,17.4.1 Egress Preparation 


ALL Disconnect umbilicals (if suited) 
Neck dams on (if suited) 
Configure couch seat pans 
Center couch - 270° position 
L & R couch ~ 270° position (if stable 
II egress anticipated) 

CDR,LMP Armrests folded (stowed) 

ALL If unsuited, transfer scissors from suit Scissors may be required to cut mooring lanyard in 
to coveralls 

Tape flight penlight to wrist (night 
- egress) 
LMP Survival kits removed from stowage 
Remove lanyards from rucksack kit No. 2 
& reclose rucksack 

CMP Conn liferaft mooring line (olive drab) 

to. CM 

Conn lanyard titled (attach to first 
crewman out) to suit (if unsuited attach 
to buckle on life vest) 

LMP Conn lanyard titled (attach to second 
crewman out) to suit (if unsuited attach 
to buckle on life vest) 

CDR Conn lanyard titled (attach to third 
crewman out) to suit (if unsuited attach 
to buckle on life vest) 


ayeq oIseg 
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an emergency. 
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UNAIDED.. EGRESS PROCEDURES 
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STA/T STEP PROCEDURE PANEL 


4.17.4.2 Stable I Water Egress 


PL VENT ~ OFF 15 
cb ENTRY/PL BAT A, B, C (3) - open 250 
Charge hatch counterbalance Side hatch 
GN2 ratchet handle - opr 
GN2 viv handle - unlock and push 
outboard 
Open side hatch 


FAIS AAHAAA AAA AK AAA KAKA AKA AAAAAKAKAKAKAL 


If side hatch was closed by backup 
proced in 4.5.7.2, loosen jack- 
screws by screwing wing nuts CCW 

Disengage hooks from catches on hatch 

Disengage jackscrew lever from hatch 
frame 

If any hatch latches are latched, 
complete side hatch opening proced; 
if not, open hatch 


x x 
XXXXXXKXKKXXXXKRKXXKXXXXXXXXKXXKXXKRXXKXXXKXXXX 


Lock pin rel knob - UNLOCK 

Gear box sel -— UNLATCH 

Actr handle sel ~- U (unlatch) 
Actr handle rel - push or squeeze 


HMOOPANVH SNOILVYRdO OTIOdV 


Push button or squeeze for release on actuator handle 


for operation. 


(2)-f£-II XOOTa-£0-VeNsS 


4.17.4.2 UNAIDED EGRESS PROCEDURES 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM NORMAL/BACKUP 


oL6t AtTne LT 27"%d Cseg 


eqeq esueyoD 


eased 


ngS-H 


STA/T STEP PROCEDURE 


Actr handle - opr (until hatch 
can be opened) 

Push hatch open 
Actr handle sel - N (neut) 
Remove life raft from rucksack kit No. 2 
Simultaneously throw life raft overboard 

& pull inflation lanyard 
Throw rucksacks No. 1 & 2 overboard 
Egress, inflate life vest, board raft 
Egress, inflate life vest, board raft 
Egress, inflate life vest, board raft 


4.17.4.3 Stable II Water Egress 


PWR (3) - OFF 6,9,10 
SUIT PWR (3) - OFF 


PRESS EQUAL viv - OPEN Fwd hatch | Pull detent knob on end of handle, then pivot up 90°. 
Rotate crank =3 turns CCW to fully open valve. This 
will flood tunnel prior to opening hatch. 


WARNING 


To prevent injury to. crew members, 

do not unlock hatch until flooding 

stops & press equalizes in CM. 
Actr handle rel - pull & rotate To free actuator handle for operation, release 
rotated to mechanical stop. 


Actr handle - pull to stop 
Actr handle sel - U (unlatch) (CCW 90°) 


Actuator handle should move ~ 80°. 


UNAIDED EGRESS PROCEDURES 
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STA/T STEP PROCEDURE 


a3eq oIseg 


Actr handle sel - stow (CW 90°) 
Actr handle - push to stowed position 


Put survival rucksacks down tunnel 

Exit feet first; when clear of CM, 
inflate water wings 

Exit feet first; when clear of CM, 
inflate water wings 

Remove life raft from rucksack No. 2 
& inflate raft 

Disconnect life raft mooring line 
(olive drab) from CM & return end 
of line (CDR's discretion) 

Exit feet first; when clear of CM 
inflate water wings 

Reconnect life raft mooring line (olive 
drab) to SC exterior - sea anchor 
hardpoint or EVA handles (CDR's 
discretion) 


4.17.4.4 Rough Sea Side Hatch Operations 


Close side hatch Side hatch 
GN2 vlv handle - pull (inboard) 


oL6t 4tT™Lr LT 


ayeq esueyys 


to unlock. 
GN2 press ind ~ min 
Open door rel handle - pull D-ring. 
Verify latches are in open position 
Close hatch 


eseg 


SgS~t 


4.17.4 Xs UNAIDED EGRESS PROCEDURES 
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Vents counterbalance piston chamber. 


Actr handle - push to stop Fwd hatch] Actuator handle should move 60° to release hatch. 


Squeeze handle 


NGRVAL 


Remove & stow fwd hatch Forward hatch weighs =85 lbs and is stowed in LHEB. 
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STA/T STEP 


PROCEDURE 


Actr handle sel - L (latch) 

Gear box sel — LATCH 

Open door rel handle —- stow 

Actr handle rel - push or squeeze 

Actr handle - opr (while holding 
hatch closed) 

Lock pin rel knob - LOCK 
(auto) 

LOCK PIN ind — not extd 

Actr handle - stowed 


Re-open side hatch 


Lock pin rel knob - UNLOCK 

Gear box sel — UNLATCH 

Actr handle sel - U (unlatch) 
Actr handle rel - push or squeeze 


GN2 vlv handle - push (outboard) 

GN2 press ind - green 

Actr handle - opr (until hatch 
can be opened) 


Side hatch 


Verify lock pin has automatically engaged. 


Indicates lock pin engaged. 


Pin can be sheared if left in LOCK position. 


Push button or squeeze (bar) releases actuator handle 


for operation. 


Actuator handle should not be operated until 


immediately prior to egress. 


UNAIDED EGRESS PROCEDURES 
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4,18 LUNAR ORBIT EXPERIMENTS 


eyeqy oIseg 


Procedures presented in this section represent a single cycle of each experiment operation. The 
operational periods will be defined by the mission time line (or flight plan) including status of 
deployment mechanisms after data collection periods. All experiments except S-band transponder (S164) 
and Bi-static Radar (S170) require that SIM door be jettisoned prior to conducting experiments. The 
following matrix identifies experiments having electrical interface with CSM requiring crew 
participation, 
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$160 Gamma Ray Spectrometer 
$161 X-Ray Fluoresence Spectrometer 
$162 Alpha~Particle Spectrometer 


$163 Optical Bar Panoramic Camera 
S164 S-Band Transponder 

$165 Mass Spectrometer 

S166 3-inch Mapping Camera 

$169 Far Ultra-Violet Spectrometer 
S170 Bi-Static Radar 

S171 IR Scanning Radiometer 
$173/174 Subsatellite 

S175 Laser Altimeter 
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4,18 LUNAR ORBIT EXPERIMENTS 
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4.18.1 GENERAL OPERATIONAL REQUIREMENTS 


The following considerations are applicable to lunar orbit experiment procedures: 


1. 


SM RCS jets A2, A4, Bl and Bh are inhibited during experiment operation to reduce con~ 
tamination and thermal gradients in the SIM bay after the SIM door is jettisoned. In 
addition, jets Cl and C3 are inhibited whenever the mass spectrometer boom is deployed. 


Particle-sensitive experiments should be scheduled as long as possible after ECS dumps 
and purges to preclude degradation of experimental data. 


If required during experiment operation, mission time and duration of dumps and purges 
must be recorded for postflight analysis of experimental data. 


Local vertical attitude hold will be maintained during experiment operations, except 
for experiment calibration and possibly for IMU alignments. 


During spacecraft maneuvers in lunar orbit, direct sunlight impingement into the SIM 
bay should be avoided to prevent damage to experiments. 


GENERAL OPERATIONAL REQUIREMENTS 
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4.18 


4.18.2 


PROCEDURE 


-2 SIM DOOR JETTISON AND EXPERIMENT 
TIE-DOWN RELEASE 


CMC - on (req), 4.8.1.3 
ISS - on & orient known (req), 4.8.1.3 
& 4.14 
SCS - on (desired), 4.8.4.2 
RCS DAP - load & activate (req), 
4.8.2.1 
All jets OFF except Jets are disabled to prevent SIM bay contamination 
AUTO RCS B/D ROLL B2 & Dl - and enables single jet control until SIM experiments 
MNA or MNB completed. 
AUTO RCS PITCH A3 & Cl - MNA or 
MNB 
AUTO RCS YAW B3 & D4 - MNA or 
MNB 


Mnvr to jett SIM door SIM door to impact lunar surface. 
R °.P ae ° 
FC REACS VLVS - LATCH Holding voltage prevents SIM door jettison shock 
Arm SIM door & jett from inadvertently closing FC reactants valves. 
cb LOGIC PWR (2) - close (verify) 
LOGIC PWR - JETT 
DOOR JETT - on (up) Guarded - On (up) position momentary. 
FC REACS VLVS — NORM 
Rel booms 
NONESS BUS - MNA (MNB) (verify) 
eb INST SCI EQUIP (3) - close (verify) 
SM/AC PWR - on (up), then OFF Releases gamma-ray and mass spectrometer booms and 
subsatellite launcher tie-downs. 


MOOGANVH SNOILVUddO OTTOdV 
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DOOR JETT - off (down) Guarded. 
LOGIC PWR — OFF 


SIM DOOR JETTISON AND EXPERIMENT TIE-DOWN RELEASE 
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STA/T STEP 


PROCEDURE 


Go to boom & camera/altimeter deploy, 
4.18.3.1, 4.18.3.3 & 4.18.3.5 as req 


SIM DOOR JETTISON AND EXPERIMENT TIE-DOWN RELEASE 
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STA/T STEP PROCEDURE 


4.18.3 DEPLOY & RETRACT GAMMA RAY & MASS 
SPECTROMETER BOOMS & MAPPING CAMERA 


ayeq otseq 


4,18.3.1 Deploy Gamma Ray Boom 


cb LOGIC PWR MNA - close (verify) 

LOGIC PWR - DPLY/RETR If gamma-ray spectrometer is to be operated in 

GAMMA RAY BOOM DPLY - on (up) retracted position, omit this and following step. 
Maximum continuous operating time in retracted 
position is 3 hours because of thermal considerations. 
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GAMMA RAY BOOM DPLY tb - bp, then gray Barber pole when boom is in any position except 
fully extended or retracted. =100 seconds required 
to fully extend boom. 


LOGIC PWR - OFF 


ayeq ssueyy 


4,18.3.2 Retract Gamma Ray Boom 


WARNING 


Boom must be retracted prior to 
SPS mnvrs or structural failure 
may result. 
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cb LOGIC PWR MNA - close (verify) 
LOGIC PWR - DPLY/RETR 
GAMMA RAY BOOM DPLY - RETR #100 seconds required to retract boom, 


aseg 


GAMMA RAY BOOM DPLY tb - bp, then gray Barber pole when boom is in any position except 
fully extended or retracted. 


T6S- 


4 18.3.2 DEPLOY & RETRACT GAMMA RAY SPECTROMETER BOOM 
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STA/T STEP PROCEDURE 


EXXAKAKAKAKAAAAXAAKAAKXAAKAKKXARAK anal 


If no boom retract, jett exp pkg prior 
to SPS thrusting 
cb LOGIC PWR (2) ~ close (verify) 181 
LOGIC PWR - JETT 
GAMMA RAY BOOM JETT - on (up) 230] On position momentary. Jettisons experiment 
GAMMA RAY BOOM JETT tb - bp, package. 
then gray 


x x 
XXXKXXAXXXXKXKKXXKXXKXXXKXXKXXXKXXKXKKXKKXXXXXKKXKXK 


LOGIC PWR - OFF 181 


4.18.3.3 Deploy Mass Spectrometer Boom 


eb LOGIC PWR MNA - close (verify) 

LOGIC PWR ~ DPLY/RETR 

MASS SPECT BOOM DPLY - on (up) 230 

MASS SPECT BOOM DPLY tb ~ bp, then gray Barber pole while boom is extending. ~84 seconds 


required to fully extend boom. 
LOGIC PWR - OFF 181 


4.18.3.4 Retract Mass Spectrometer Boom 
WARNING 


Boom must be retracted prior 
to SPS mnvrs or structural 
failure may result. 


eb LOGIC PWR MNA - close (verify) 
LOGIC PWR - DPLY/RETR 


‘DEPLOY & RETRACT MASS SPECTROMETER BOOM 
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STA/T STEP PROCEDURE 


MASS SPECT ION SOURCE - OFF (verify) Must be OFF when boom is retracted in SIM bay or 
instrument damage may result. 

MASS SPECT BOOM DPLY - RETR 

MASS SPECT BOOM DPLY tb - bp, then gray Barber pole while boom retracting. =8 seconds 
required to fully retract boom. 


LXAKKALALAAAAAAKAARALLAE AA AAL LALA REAR ALAA 


If no boom retract, jett exp pkg prior 
to SPS thrusting 
ecb LOGIC PWR (2) - close (verify) 
LOGIC PWR - JETT 
MASS SPECT BOOM JETT - on (up) On position momentary. 
MASS SPECT BOOM JETT tb - bp, 
then gray 


x x 
XXXXXAXKXXXXAXAKXKXKXXAXXAKKRAXKXKKKAKKXKXKKXKXAXKXXKXKKK 


LOGIC PWR - OFF 181 


4,18.3.5 Deploy Mapping Camera & Laser 
Altimeter 


cb LOGIC PWR MNA - close (verify) 

LOGIC PWR - DPLY/RETR 

MAP CAMR TRACK - EXTD 

MAP CAMR TRACK tb - bp, then gray Barber pole while camera/altimeter extending. 
LOGIC PWR - OFF 


MOOGANVWH SNOILVUadO OTTIOdV 
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4,18.3.6 Retract Mapping Camera & Laser 
Altimeter 


cb LOGIC PWR MNA - close (verify) 
LOGIC PWR ~ DPLY/RETR 


4.18.3.6 + DEPLOY AND RETRACT MAPPING CAMERA 
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STA/T STEP PROCEDURE PANEL REMARKS 


MAP CAMR TRACK ~ RETR 
MAP CAMR TRACK tb - bp, then gray 
LOGIC PWR -~ OFF 


Barber pole while camera/altimeter retracting. 


DEPLOY AND RETRACT MAPPING CAMERA 
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STA/T STEP 


4.18.4 
4.18.4 


PROCEDURE 
SIM EXPERIMENTS PREPARATION & SHUTDOWN 


-l System Preparation 


CMC ~ on (req), 4.8.1.3 

S - on & orient known (req), 4.8.1.3 

& 41h 

S - on (desired), 4.8.4.2 

S DAP = load & activate (req), 4.8.2.1 Recommended rates and deadbands - TBD. 


IS 


SC 
RC 


SI 


Ac 


4.18.4 


Wh 


4.18.4.2 


Verify all jets off, except Jets disabled to prevent SIM bay contamination and 
AUTO RCS B/D ROLL B2 & Dl — MNA or MNB 8] maintain balanced SM RCS single jet rotation control 
AUTO RCS PITCH A3 & Ch — MNA or MNB until SIM experiments completed, 

AUTO RCS YAW B3 & D4 — MNA or MNB 


M Data Sys Prep 
Configure TIM, 4.5.6.1, except 
PCM BIT RATE ~ HI 
tivate Data Sys 
DATA SYS ON - ON Allow 15-minute warmup prior to calibration. 
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DATA SYS CAL = on (up) On position (momentary) puts a known calibration 
Repeat following three times signal into voltage control oscillator of FM analog 
Wait one sec channel. Three-step calibration required. 
DATA SYS CAL - on (up) 


MOOGANVH SNOILVaAdO OTTOdV 


2 Systems Shutdown 


en all SIM exp complete 
DATA SYS CAL - on (up) On position momentary. 


SIM EXPERIMENTS PREPARATION & SHUTDOWN 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM NORMAL/BACKUP 


ad 


eyeq oIseg 


oL6T Atne LT 


ayeq esueyD 


eased 


96S- 


STA/T STEP 


PROCEDURE 


Repeat following three times 
Wait one sec 
DATA SYS CAL - on (up) 
DATA SYS ON - OFF 


Three-step calibration required prior to shutdown. 


‘SIM EXPERIMENTS PREPARATION & SHUTDOWN 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT. IT DOCUMENTATION TEAM 


MOOGPANVH SNOILVYAdO OTIOdV 


(Z)"f°II WOOTH~€0-VeNS 


OL6T 4Tnp LT PFPA TSP 


ayeq esueyo 


aseg 


L6S~h 


STA/T STEP PROCEDURE 


4.18.5 SENSOR CALIBRATION Performed once each day on lunar darkside by pointing 


sensor toward deep space. 


Calibration data obtained 


by taking background level measurements of deep 


space. 


Mnvr to calib att Roll to point sensor 135°-180° (toward deep space) 


R 2. R ame | from local vertical. 
Att hold for 15 min 
Mnvr to exp att 

Resume exp oper 


4.18.5 . SENSOR CALIBRATION 


MOOGANVWH SNOILVYAdO OTTOdV 
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o 4.18.6 S160 - GAMMA RAY SPECTROMETER 
ct 
@ 
Verify SIM Door Jett, 4.18.2 
Kh Sys Prep, 4.18.4.1 
2 Mnvr to exp att Normal lunar orbit operation periods will utilize 
g, R oP gas ¢ 2 local vertical mode, with SIM pointing toward moon. 
q (detector at lcl vert) 
fo 
3 Establish lel vert att hold, TBD 
Deploy Gamma Ray Boom, 4.18.3.1 
Activate exp 
cb SCI EQUIP SEB 2 - close (verify) 
NONESS BUS ~ MNA (MNB) (verify) 
GAMMA RAY EXP — ON No warmup required. 
GAMMA RAY GAIN - STEP (as req) STEP position momentary. Increases sensitivity. 
Positioned per flight plan or as directed by MSFN 
in real time. 
GAMMA RAY GAIN = ctr 
Terminate exp 
GAMMA RAY EXP — OFF 
If boom to be retracted, refer to Mission time line or flight plan will determine 
4,18.3.2 whether boom to be retracted between data collection 
bg periods. 
» 
gq 
@ 
Eval 
t 
NS , 
\o 
[ee] 


EXPERIMENT S160 
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4.18.7 


STA/T STEP PROCEDURE 


4.18.7 S161 - X-RAY FLUORESENCE SPECTROMETER 


Verify SIM Door Jett, 4.18.2 
Sys Prep, 4.18.4.1 


CAUTION 


Avoid Sun entering instrument 
FOV (+30° from SIM pointing 
line) or instrument will be 
destroyed. If direct sunlight 
exposure is anticipated pwr to 
the instrument must be removed 
by placing X RAY EXP sw to STBY. 


Mnvr to exp att 
R ee 2 5.c¥ ° (snsr at lel 
vert ) 
Establish lcl vert att hold, TBD 
Open solar snsr door 
cb SCI EQUIP HATCH - close (verify) 
cb LOGIC PWR MNB - close (verify) 
NONESS BUS ~- MNA (MNB) (verify) 
LOGIC PWR - JETT 
X RAY DR DPLY - on (up) 


LOGIC PWR - OFF 
Activate exp 
X RAY EXP - ON 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Normal lunar orbital operation periods will utilize 
local vertical mode, with SIM pointing toward moon. 


On position momentary. Opens X-ray solar sensor 
door. Door not retractable. 


No warmup required. 


EXPERIMENT S161 
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STA/T STEP PROCEDURE 


If calib req, refer to 4.18.5 


To term exp 
X RAY EXP ~ OFF 


THIS SCANNED COPY IS PRO 


Calibration required once each day. 


EXPERIMENT S161 
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4.18.8 


STA/T STEP 


4.18.8 $162 - ALPHA PARTICLE SPECTROMETER 


Verify SIM Door Jett, 4.18.2 
Sys Prep, 4.18.4.1 


CAUTION 
Avoid sun entering instrument FOV 


(+45° from SIM pointing line), or 
damage to instrument will result. 


Mnvr to exp att 
R o. 2P Boy ° (snsr at 1cl 
vert ) 


Establish lcl vert att hold, TBD 
Activate exp 
cb SCI EQUIP HATCH - close (verify) 
NONESS BUS - MNA (MNB) (verify 
ALPHA RAY - ON 


If calib req, refer to 4.18.5 


To term exp 
ALPHA RAY - OFF 
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Normal lunar orbital operation periods will utilize 
local vertical mode, with SIM pointing toward moon. 
Limit exposure of detector to direct solar radiation 
for not more than 5 consecutive minutes with a total 
exposure time not to exceed 30 minutes. 


Warmup not required. 


Calibration required once each day on lunar dark side. 
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STA/T STEP PROCEDURE 


4.18.9 $163 - OPTICAL BAR PANORAMIC CAMERA 


ayeq o1seg 


4.18.9.1 Panoramic Camera Boost Mode Boost mode required during boost, TLI and SPS 
thrusting periods until panoramic camera operations 
1 Boost Mode On are complete. 
LMP NONESS BUS - MNA (MNB) (verify) 
cb SCI EQUIP SEB 1 & 2 (2) ~ close 
(verify) 
cb SM SECTOR 1 AC2 (3) - close (verify! 
PAN CAMR MODE - STBY (verify) 
PAN CAMR PWR - BOOST 


OL6T Atar LT 


2 Boost Mode Off When thrusting is completed. 
PAN CAMR PWR - off (ctr) 
SM/AC PWR - OFF 


a3yeq esueuy 


4.18.9.2 Panoramic Camera Standby Mode 


1 Stby Mode On 
LMP NONESS BUS ~ MNA (verify) 
eb SCI EQUIP SEB 1 - close (verify) 
CMP cb SM SECTOR 1 AC2 (3) - close (verify) 
SM/AC PWR - on (up) (verify) 
PAN CAMR PWR - ON 
PAN CAMR MODE ~ STBY (verify) 
PAN CAMR SELF TEST - off (ctr) 


aseg 


2 Stby Mode Off 
PAN CAMR PWR - off (ctr) 


c09~t 


EXPERIMENT S163 
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STA/T STEP 


PROCEDURE 


4,.18.9.3 Panoramic Camera Heater Mode =10 hours of warmup time in heater mode required 


before camera operation. 


1 Htr Mode On 
NONESS BUS - MNB 
eb SCI EQUIP SEB 1 - close (verify) 
SM/AC PWR - on (up) (verify) 


PAN CAMR SELF TEST — HTRS 


2 Htr Mode. Off 
PAN CAMR SELF TEST - off (ctr) 


4.18.9.4 Panoramic Camera Self Test Panoramic camera must be operated every 24+6 hours to 


NONESS BUS ~ MNA (verify) camera operation will satisfy this requirement. 
eb SCI EQUIP SEB 1 - close (verify) 

cb SM SECTOR 1 AC2 (3) - close 

SM/AC PWR - on (up) (verify) 

PAN CAMR MODE - STBY (verify) 

PAN CAMR PWR = ON 

PAN CAMR SELF TEST - on (up) On position momentary. 


PAN CAMR OPR tb - bp to gray Barper pole until completion of five test frames; if 
barber pole remains, panoramic camera no-go. 


At completion of self-test 
PAN. CAMR PWR - off (ctr) 


prevent film set. Panoramic camera self-test or 


MOOGANVH SNOILVEAdO OTTOdV 
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SM/AC PWR - OFF 


4.18.9.5 


Panoramic Camera Operation 


Verify SIM Door Jett, 4.18.2 
Sys Prep, 4.18.4.1 0.5° attitude and 0.05°/sec rate deadbands for this 


4.18.9.5 


experiment. 
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STA/T STEP 


Mnvr to exp att 
R 


> 


Verify gamma-ray & mass spectrometer 
booms retracted, 4.18.3.2 & 4.18.3.4 


Pan Camr Htr Mode On, 4.18.9.3, step 1 


Pan camr oper 

Change oper modes (htr to stby) 
NONESS BUS — MNA 
cb SM SECTOR 1 AC2 (3) - close 
SM/AC PWR - on (up) 
PAN CAMR SELF TEST ~- off (ctr) 

Start pan camr 
PAN CAMR MODE ~ OPR 


PAN CAMR OPR tb - bp, then gray 


Stop. pan camr 
PAN CAMR MODE — STBY 
PAN CAMR PWR - off (ctr) 
SM/AC PWR - OFF 


EVA req for film cassette retrieval, 
4.10.3 


Normal lunar orbital operation periods will utilize 

local vertical mode, with SIM pointing toward moon. 

+0.5° attitude hold deadband is recommended in roll 

and yaw. Camera is direction-sensitive; plus X-axis 
into velocity vector. 


Photo degradation will result if gamma-ray and mass 
spectrometer booms extended. 


=10 hours of warmup time in heater mode required 
before camera operation. 


These steps represent the delta between modes. 


Camera starts operating. Camera operation limited to 
20 minutes. 


Talkback gray after 2 seconds and remains gray. If 
barber pole appears, camera not operating. 


Film cassette retrieved during TEC. Cassette is 
19 inches in diameter 7 inches wide and weighs 
=88 pounds. 


EXPERIMENT S163 
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PROCEDURE 


4.18.10 S164 - S-BAND TRANSPONDER 


The S-band transponder experiment is conducted with a solo CSM in lunar orbit (LM on lunar 
surface). The experiment consists of a data collection period of two lunar revolutions with the 
number of data collection periods dependent upon CSM orbit inclination. During each experimental 
period, MSFN will track CSM while it is being held in a G&N attitude hold (minimum deadband). 
This hold will be maintained by SM RCS jets operating in balanced couples, minimizing high gain 
antenna motion relative to MSFN tracking stations, and should be completed prior to SIM door 


jettison to avoid SIM bay contamination. Also, to prevent unnecessary motion during the experiment, 


H20 boiler operation, purges, water dumps, etc., will be avoided. 


CMC - on (req), 4.8.1.3 

IsS - on & orient known (desired), 
4.8.1.3 & 41h 

SCS ~ on (desired), 4.8.4.2 


RCS DAP - load & activate (req), 4.8.2.1 0.5° attitude deadband and 0.5°/sec rates are 
AUTO RCS (16) - as req 8 | recommended. 
Mnvr to exp att 
R ep ees 4 # 
Sel telecom basic config, 4.5.6.1 
except 
PCM BIT RATE - HI 


4.18.10 EXPERIMENT $164 
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STA/T STEP PROCEDURE 


4.18.11 $165 - MASS SPECTROMETER 


Operational Requirements 


@ Prior to initial operation in lunar orbit, the mass spectrometer must have accumulated 
6 hours of warmup operation with its boom extended. If dumps or boom retractions occur during 
the 6-hour period, each dump or retraction will necessitate an additional 1/2-hour warmup. 
Additionally, at least 1 hour of uninterrupted warmup is required immediately prior to data 
collection. Subsequent lunar orbit operations require 30-minute warmup periods. Prior to TEC 
Operations, a 3-hour warmup is required. The same continuity and interference constraints 
imposed on lunar orbit warmup apply to TEC warmup. 


In lunar orbit, a minimum of three data collection periods of at least two revolutions per 
collection period are required. During each of the three periods the minus X-axis of the CSM 
will be aligned to the velocity vector. Additionally, a minimum of one revolution is required 
while the CSM plus X-axis is aligned to the velocity vecior. 


@ Data collection during TEC should not begin within 6 hours of an SPS or RCS translation burn. 


4,18.11.1 Mass Spectrometer Operation 


Verify SIM Door Jett, 4.18.2 

Sys Prep, 4.18.4.1 Normal lunar orbital operation periods will utilize 

Mnvr to exp att local vertical mode, with SIM pointing toward moon. 
R °, P Karte 4 ‘ 

Xse aligned along velocity vetr & 
detector at lel vert 

Initiate orb rate IBD 

Deploy Mass Spect Boom, 4.18.3.3 


EXPERIMENT S165 


ros 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


HMOOPANVH SNOILVUAdO OTITIOdy 


(2)-f-II Wo0Td-Eo0-vens 


oL6t Atne LT 33%C Ctseg 


a}eq esueyd 


aded 


Log-t 


STA/T STEP PROCEDURE 


Warmup 
cb SCI EQUIP SEB 1 - close (verify) 
NONESS BUS - MNA (MNB) (verify) 
MASS SPECT EXP ~— STBY 
MASS SPECT ION SOURCE - STBY 
(wait 30 min) 


Activate exp 
MASS SPECT EXP - ON 
MASS SPECT ION SOURCE - ON 
MASS SPECT MULT - as req 
MASS SPECT DSCRM - as req 


Term exp 
If in lunar. orb 
MASS SPECT ION SOURCE - OFF 
MASS. SPECT EXP - off (ctr) 
If boom to be retracted, refer to 


4.18.3.4 
or If in transearth coast 
MASS. SPECT BOOM DPLY -— RETR 
for 20 sec then off (ctr) 
MASS SPECT BOOM DPLY tb - gray 


(wait 7 min) 


4,18.11.1 


230] Prior to initial operation, mass spectrometer must 


have accumulated 6 hours of warmup operation (boom 
extended) with MASS SPECT EXP and MASS SPECT ION 
SOURCE switches at STBY. If dumps or boom 

retractions occur during the 6-hour period, each 

dump or retraction will necessitate an additional 

1/2 hour of warmup. Additionally, at least one hour 
of uninterrupted warmup is required immediately prior 
to data collection. Subsequent lunar orbit operations 
require 30 minute warmup periods. 


MASS SPECT MULT and MASS SPECT DSCRM switches 
positioned per flight plan or as directed in real 
time by MSFN. 


The mission timeline or flight plan will determine 
whether boom is to be retracted between data 
collection periods. 


Boom retracted in five stages. Assumes 3 ips retract 
rate. 


While boom is in motion, tb is bp. 
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STA/T STEP PROCEDURE PANEL 


or 


Repeat above seq 3 times 


MASS SPECT BOOM DPLY — RETR 


MASS SPECT BOOM DPLY tb - bp, then Gray tb while DPLY switch is in RETR indicates 


gray experiment is fully retracted. 
MASS SPECT BOOM DPLY - off (ctr) 


(wait 7 min) 


MASS SPECT ION SOURCE - OFF 
MASS SPECT EXP - off (ctr) 


If no boom retract, refer to 
backup, 4.18.3.4 
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STA/T STEP 


PROCEDURE 


4.18.12 S166 — THREE INCH MAPPING CAMERA 


4,18.12.1 Mapping Camera Cycling 


every 24+6 hours to prevent film set. 


Mapping Camr Stby Mode On, 4.18.12.2, 


step 1 
MAP CAMR ON - ON (for 2 min), then 2 minutes cycles film five frames. 
STBY 


Mapping Camr Stby Mode Off 


4.18.12.2, step 2 


4,18.12.2 Mapping Camera Standby Mode 


1 Stby Mode. On 


LMP 


NONESS BUS - MNA (MNB) (verify) 


MAP CAMR ON = STBY be extended for cool down. 
CAUTION 


The following seq must be per- 
formed to prevent loss of GN2. 
Loss of GN2 results in film 
degradation. 


2 Stby Mode Off When thrusting complete. 


4.18.12.2 


MAP. CAMR ON - OFF 
SM/AC PWR — OFF (if pan camr not 
in oper) 


EXPERIMENT S166 
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Standby mode required during boost, TLI, and SPS 
thrusting periods until cassette recovery. Standby 

eb SCI EQUIP-SEB 2 - close (verify) may be required for 25 hours (worst cold case) prior 
cb LOGIC PWR MNB - close (verify) to initial operation. SIM door may be on or off 

eb SM SECTOR 1 AC2 (3) - close (verify) during the warmup period; camera should be retracted. 
SM/AC PWR - on (up) Note: if hot condition (worst case) the camera should 


After film has been loaded, camera must be cycled 
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STA/T STEP 


4.18.12.3 Mapping Camera Operation 


Verify SIM Door Jett, 4.18.2 
Sys Prep, 4.18.4.1 
Mnvr to exp att 
R °, P ey 
Initiate orb rate 
Verify gamma-ray & mass spectrometer 
booms retracted, 4.18.3.2 & 4.18.3.4 
Extd mapping camr, 4.18.3.5 
LASER ALTM - ON 
Mapping Camr Stby Mode On, 4.18.12.2, 
step 1 
Start mapping camr 
MAP CAMR ON - ON 
MAP CAMR IMAGE MTN ~ as req 


Stop mapping camr 
MAP CAMR ON — STBY 
Mapping Camr Stby Mode Off, 4.18.12.2 
step 2 
LASER ALTM -— OFF 
EVA req for film cassette retrieval, 
4.10.3 
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Operation is direction sensitive with plus X-axis 
into velocity vector. 


Photo degradation will result if the gamma ray and 
mass spectrometer booms remain extended. 


Switch position per flight plan or as directed in 
real time by MSFN. 


Film cutter is manually triggered during EVA. 


EXPERIMENT S166 


Fa § 4 ee] my 


MOOGANVH SNOILVUAdO OTTIOdV 


(Z)-f£-II NOOTE-CO-VeNS 


oL6t ATne Lt "a Ctseg 


ojeq odueyy 


adeg 


TT9~t 


STA/T STEP PROCEDURE 


4.18.13 $173/S179 - SUBSATELLITE 


SIM Door Jett, 4.18.2 (verify) 
Sys Prep, 4.18.4.1 
Mnvr to subsatellite launch att 
R a a ° 
cb LOGIC PWR MNA (MNB) - close (verify) 
Report to MSFN 
After Go From MSFN 
LOGIC PWR ~— JETT 
SUB SAT - LAUNCH 


After SUB SAT tb returns to gray 
SUB SAT - off (ctr) 
LOGIC PWR - off (ctr) 


4.18.14 $169 - FAR ULTRA-VIOLET SPECTROMETER 


The far ultra-violet spectrometer is used to determine the composition & density of the lunar 


atmosphere. 


4.18.14.1 Far Ultra-Violet Spectrometer 
Operation (TBD) 


4.18.15 S171 - INFRA-RED SCANNING RADIOMETER 


The infra-red scanning radiometer is used to locate and identify, for study, irregularly hot and/ 


230 |SUB SAT tb is gray, then bp for 20 seconds, and 


returns to gray 


or cold regions of the lunar surface that are not illuminated. 


4,18.15.1 Infra-Red Scanning Radiometer 
Operation (TBD) 


4.18.15.1 EXPERIMENTS SL73/S1 
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4.18.16 S175 - LASER ALTIMETER 


ajeq seg 


The laser altimeter provides precise time-correlated altitude information for use in conjunction 
with tracking data and pictures taken by mapping camera, 4.18.12, and panoramic camera, 4.18.9, 
CSM pointing altitude should be maintained within +2 degrees of nadir with a maximum drift rate 
of 0.05 degree-per-second during data collection. 


4.18.16.1 Independent Operation of Laser 


Altimeter 


OL6T Atne LT 


1 Start Laser Altm 
Verify that instrument temps lie between Laser cavity temperature critical. 
TBD & TBD 
Deploy mapping camr sys, 4.18.3.5 
LASER ALTM — ON In the automatic mode, the laser altimeter is not 
slaved to the mapping camera and it cycles once 
every 20 seconds. 


ayeq asueuy 


2 Stop Laser Altm 
LASER ALTM ~ OFF 


ased 
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STA/T STEP PROCEDURE 


4.18.17 S170 - DOWNLINK BI-STATIC RADAR OBSERVATIONS OF MOON 


This experiment will utilize CSM S-band and VHF-AM transmitters as lumar orbiting radar beacons, 
and will be conducted during the front side pass of lunar orbits which are visible to Goldstone and 
Stanford facilities. The experiment period is divided into two phases: Phase A is initiated when 
the CSM crosses earth-moon line of centers and terminates when the CSM has traversed 120° west 
longitude; phase B is initiated when the CSM is at 120° east longitude and terminates when the CSM 
crosses earth-moon line of centers. It is highly desirable that both the S-band and VHF aspect of 
the experiment be conducted simultaneously. Operation of either or both experiments during addi- 
tional passes is also highly. desirable. 


4.18.17.1 S-Band Experiment Operation 


The reflected signal from the lunar surface and diverted signal from the back lobe of the CSM 
high-gain antenna will both be received by 210-foot Goldstone antenna. The S-band high-gain antenna 


is positioned to a predetermined orientation relative to CSM axes and the CSM is maneuvered such 
that the reflected beam.will be parallel to earth-moon line of centers and the CSM will not occlude 
high-gain antenna during experiment. There is no modulation of downlink carrier. CSM voice and LBR 
PCM will be recorded during the experiment for dump to MSFN after experiment phase. 


1 CSM att. cont 


CMC ~ on (req), 4.8.1.3 
ISS ~- on & orient known (desired), 
4.8.1.3 & 41k 
SCS - on (desired), 4.8.4.2 
RCS DAP - load & activate (req), 
eo 8 
Mnvr to exp att MSFN will provide initial CSM attitude. 
R oP re 4 
Initiate orb rate 
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STA/T STEP PROCEDURE 


CMP 


ALL 
LMP 


2 Sel telecom basic config, 4.5.6.1, 
except 
S BD (3) - RCV 9,10 ,6 
S BD MODE PCM - ctr 3 
5 BD MODE RNG - OFF 
S BD AUX TAPE ~ DN VOICE BU 
S ANT OMNI ~ HI GAIN 


3 HGA 
HI GAIN ANT TRACK — MAN 
HI GAIN ANT SERVO — PRIM 
HI GAIN ANT BEAM - WIDE 
HI GAIN ANT PWR - on (up) 
HI GAIN ANT PITCH & YAW cont (2) - 


MSFN will provide antenna coordinates. 
set in req coords 


4,18.17.2 VHF AM Experiment Operation 


The reflected signal from the lunar surface and direct signal from the CSM VHF scimitar antenna 
will be received by 150-foot Stanford antenna. The CSM attitude will be that which is optimum for 
S-band experiment. One of two VHF scimitar antennas will be selected to provide favorable reception. 
This experiment will not be conducted during lunar surface EVA. 


1 CSM att cont, 4.18.15.1, step 1 


2 Sel telecom basic config, 4.5.6.1, except 
VHF AM (3) - RCV 9,10 ,6 
VHF AM A ~ off (ctr) 3 
VHF AM B - DUPLEX 
VHF RNG - on (up) 
VHF ANT ~ as req 
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4.19 


PROCEDURE 


CAMERA SUPPORT PROCEDURES 


4.19.1 HASSELBLAD ELECTRIC CAMERA - 70mm 


CMP 1 Set up camr for oper 


2 Dismantle camr setup 


4.19.2 DATA ACQUISITION CAMERA - 16mm 


1 Set up camr for oper 


4.19.2 


Unstow camr, mount bracket, inter- 
valometer, T-cable & associated 
compnts 
Intervalometer sw - OFF (verify) 
Install camr at window position 
Connect T-cable to pnl & camr 227] Connection is for PCM signal only. Camera is powered 
by self-contained battery. 
Connect intervalometer to T-cable 


At completion of camr oper 


Intervalometer sw - OFF (verify) 

Disconnect T-cable at pnl & camr 

Remove camr, mount bracket, & 
intervalometer & stow all 
equipment 


MOOGANVH SNOILVUAdO OTTOdV 
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Unstow camr, mount bracket, 
pwr cable & associated 


compnts 

UTIL PWR - OFF (verify) (on pnl 15,16,100] Power cable may be connected to panel 15, 16, or 100. 
selected for pwr source) 

Install camr at desired location Includes right-angle mirror. 

Connect pwr cable to camr & pnl 

UTIL PWR - on (up) 


CAMERA SUPPORT PROCEDURES 
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STA/T STEP PROCEDURE 


CMP 2 Dismantle camr setup 
At completion of camr oper 
UTIL PWR — OFF 15,16,100 
Disconnect pwr cable from camr 
& pnl 
Remove camr & mount bracket & 
stow all equipment 
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SECTION 5 
CONTINGENCY PROCEDURES 


INTRODUCTION 


Contingency procedures consist of operational and trajectory analysis for situations 
other than normal that may occur during all mission phases. This will provide the crew 
with decision-making guidance as to aborting the mission, selecting and implementing an 
alternate mission, or continuing the mission under degraded conditions. The procedures 
include the corrective action that must be taken and the limitations that may be imposed. 
Contingency procedures consist of the following: 


e Abort procedures. These procedures may be considered as a specialized form 
of backup procedures which involve early mission termination. 


@ Malfunction procedures. These procedures encompass the recognition, diagnosis, 
and corrective action for system malfunctions. 


® Emergency procedures. These procedures are another form of backup procedures 
where safety of the flight crew requires instant action (other than an abort). 
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5.1 ABORT PROCEDURES 


During the ascent phase, an abort can be accomplished in an LES, RCS, or SPS mode. An abort in 
the LES mode is accomplished by utilizing the launch escape system, which has solid propellant motors 
mounted on a tower above the command module. During a normal mission, the launch escape tower is 
jettisoned approximately 36 seconds after second-stage booster ignition. After launch escape tower 
jettison, an abort can be accomplished in the RCS or SPS mode by utilizing the SM RCS to attain a 
safe separation distance from the SIVB. The SPS engine is then used, as needed, to correct 
trajectory for the desired landing site, or insert the CSM into earth orbit. 


-l LES ABORT MODES 


An abort may be initiated automatically by the emergency detection system (EDS) when two L/V 
engines fail, L/V excessive rates detected, breakup between IU and CM, or manually when the 
commander's translation control is rotated to the full CCW position. Upor. ceipt of an abort 
signal, regardless of its source, the booster is cut off (if after T +30 seconds), the CM is 
separated from the SM, and simultaneous ignition of the launch escape and pitch control motors takes 
place. Firing of the pitch control motor is inhibited 42 seconds after lift-off. Cutoff of the 
booster engines is inhibited for the first 30 seconds after lift-off by circuitry in IU because of 
range safety restrictions. The LES motors provide thrust to propel the command module away from 
the launch pad or trajectory of the launch vehicle. 


Certain events that occur during an abort are controlled automatically by controllers in the 
sequential events control system (SECS). The earth landing sequence controller (ELSC) contains 
high-altitude and low-altitude baroswitches. The opening of these baroswitches inhibit ELS opera- 
tions and the closing initiates the operations. The high-altitude baroswitch controls automatic 
LES tower jettison, apex cover jettison, and drogue parachute mortar fire. The high-altitude 
baroswitch is designed to open at 38,500 feet and close at 24,000 feet. Because of venting lag, 
the high-altitude baroswitch will not open until 40,500 feet during ascent. On an abort initiated 
under 30,000 feet (low part of abort mode I-B), the 24K feet baroswitch will remain closed and 
allow automatic LES tower jettison, apex cover Jettison, and drogue parachute and main parachute 


LES ABORT MODES 
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5.1.1 


deployment on a timed sequence controlled by time-delay relays. On an abort initiated between 
30,000 feet and 3 minutes 18 seconds, automatic LES tower jettison, apex cover jettison, and drogue 
parachute deployment are delayed until the command module descends to the closing altitude of the 
high-altitude baroswitch (24,900 to 21,500 feet). 


The low-altitude (10K') baroswitch is closed at 10,000 feet, open at 18,000 feet. Opening of 
the low-altitude baroswitch will delay automatic deployment of the pilot-—main parachutes until the 
command module descends to the closing altitude (10,950 to 9100 feet). 

The LES abort is divided into three different modes as follows: 

@ Mode 1-A (launch pad to 42 seconds) 


@® Mode 1-B (42 seconds to 1 minute 56 seconds) 


@ Mode 1-C (1 minute 56 seconds to LES tower jettison) 


During a Mode 1-A abort, CM RCS oxidizer automatically dumps overboard through a hole in the aft 
heat shield. CM RCS fuel automatically dumps overboard through another hole in the aft heat shield 
2 seconds after oxidizer dump started, and requires about 11 seconds for depletion. CM RCS helium 
automatically begins purging the system 13 seconds after fuel dump started. 


During a Mode 1-B or Mode 1-C abort after the main parachutes disreef, manual initiation fires 
10 CM RCS jets to expend all propellant, followed by manually initiated helium expenditure through 
the jets to purge the system. 


The two engines out, LV rates, and auto abort capability is switched off prior to S-1C/S-II 
staging, and the crew must be ready to manually initiate an abort if these conditions arise. During 
a Mode 1-C abort (over 100K'), it is possible to jettison the LET and accomplish a normal entry 
provided certain conditions prevail. There must be sufficient TFF (100 sec) to perform the entry 
maneuver, a reliable attitude reference, and launch escape vehicle (LEV) rates must be within 
tolerance. If any of these conditions are not met, the LET must be retained to ensure capture of 
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the LEV with the heat shield oriented forward. The altitude and velocity of the LEV is such that a 


possibility exists that it could enter the atmosphere canard and escape tower forward. The LEV 
would remain in this condition until descending below 100,000 feet and Mach 3.8. At this time a 
fast turnaround would occur which would be detrimental to crew safety. The crew will prevent 
canard forward capture by manual intervention shortly after abort initiation. A positive pitch 
rate of over 5° per second will be commanded and maintained until the canard starts trailing the 
CM upon descending to an altitude under 100,000 feet. Escape tower jettison and ELS activation 


will automatically occur at approximately 24,000 ft provided that the ELS AUTO sw is in the AUTO 
position. 


The ELS decelerates the CM to a safe touchdown speed. Crew couch attenuators reduce the 
touchdown impact and start operating at approximately 15 G when they are unlocked. If they are 
not unlocked, a pin will shear in the lock at approximately 21 G and allow them to operate. 
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5.1.1.1 Mode 1A LES Abort (00:00 - 00:42) 


CDR 1 Abort initiation Xx If manual backup required for any auto event after 
auto or man x abort initiation it must be performed after LE motor 
THC ~ CCW x burnout (abort T +00:05) because of high G environ- 
x ment during LE motor burn. 
X 
xX 
CMP X CM/SM SEP (both) - on Guarded. On position is momentary. If abort is 
X (up) initiated with CM/SM SEP switches, subsequent 
X events may require manual initiation and must be 
XXXXXXXXXXXXXXXKXXXXXXKXXXK performed after LE motor burnout. 
X 
BECO (auto after X Request grd 
T +00:30) X  emd BECO 
x 
00:00 Evnt Tmr rset & X 
counting up (auto) xX 
xX 
CM/SM deadface (auto) <X 
xX 
SM C/W 1ts - on X Because of switching transients, AC BUS 1 and 2 
x C/W lights will go on and MN BUS A and MN BUS B 
X UV lights might go on if abort initiated prior to 
X T -01:00. 
MASTER ALARM pb/lt - X 
on X 
Dekeked LES ABORT MODE IA 
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STA/T STEP 


00:01.8 


00:05 


= i 


CM RCS press (auto) 
RCS cont trnfr (auto) 


Entry bats to 
mn buses (auto if 
abort init prior to 
T -01:00) 


MN BUS TIE switches set to AUTO by T -30:00 and 
then to ON at T -01:00. DC main buses must be 
energized to provide power for RCS transfer, 
propellant dump, and purge. 


CM RCS oxid dump 
(auto) 


CM RCS isolation vlvs 
close (auto) 


CM/SM sep (auto) 


LE & PC mot fire 
(auto ) 


CM/SM sep pyro 
deadface (auto) 


CM RCS fuel dump 
(auto) 


X 
Xx 
x 
xX 
X 
xX 
X 
x 
X 
xX 
xX 
xX 
xX 
Xx 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 


XXXXXXXXXXXXXXXXXXXXXXXKXXX 
X 

X If abort init with 

X  CM/SM SEP (both) 

X or BU req for any 

xX auto evnt 
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STA/T STEP PROCEDURE 


EVNT TMR RSET - RSET RSET position is momentary. 


EVNT TMR START ~- START START position is momentary. 


RCS TRNFR - CM CM position is momentary. 
MN BUS TIE (2) - on (up) 


Verify PRPLNT DUMP - 
AUTO 


CM RCS PRPLNT (both) - OFF OFF position is momentary. 


X 
x 
xX 
xX 
X 
x 
X 
x 
X 
xX 
x 
X 
x 
Xx 
Xx 
x 
x 


initiation. 


: 
: 
: 


CM RCS PRESS - on (up) Guarded. On position is momentary. 


LES MOT FIRE pb - push Guarded. Pitch control motor will not fire if LES MOT 
FIRE pushbutton used as backup 1.8 sec after abort 


aseg 


No BU req CNRD DPLY pushbutton should not be used as backup on 
on Mode 1A Mode 1A. Since adverse attitudes and critical timing 
is involved, canard deployment at wrong time could be 
detrimental to crew safety. Launch escape vehicle 
will operate satisfactorily without canard deployment. 


Canard deploy (auto) 


SOOMGNVH SNOILVUAdO OTIOdV 


CMP 2 C/W CSM - CM Extinguishes all SM C/W lights and enables CM RCS 
C/W lights. 
3 MASTER ALARM pb/1t - 


push 


Pd PS PS OO PS PS PS PS PS PS OS 
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PROCEDURE 


ELS logic arm (auto) 
ELS LOGIC - on (up) Guarded. 
LES TWR jett (auto) 


a. Docking ring sep 


CSM/IM FNL SEP Guarded. On position is momentary. 
(both) - on (up) 


b. TWR attach nuts 
detonate 


TWR JETT Guarded. On position is momentary. 
(both) - on (up) 
ec. SCS RCS disable RCS CMD — OFF OFF position is momentary. 


d. TWR jett mot fire 


APEX COVER JETT Guarded. 
pb - push 


Apex cover jett (auto) 


Drogue chutes 


DROG DPLY pb - Guarded. 
deploy (auto) 


push (2 sec 
after apex cover 
jett ) 

WARNING 


Below alidade 
marker on altimeter, 
MN DPLY pb —- push 


Altitude = 0.4 lM 


PS Pd PS Pd Pd Pd PS Pd Pd Od Dd DS Dd Pd Dd Dd Dd Bd Dd Dd Dd Dd Dd bd Dd Bd be bd Dd Bd 
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PROCEDURE 


CM RCS helium purge 
(auto) 


Main chutes & VHF 
recovery ant deploy 
(auto ) 


MN DPLY pb - push 
(within 1 sec) 


Set up entry comm 
VHF ANT ~ RECY 
VHF AM A - SIMPLEX 
VHF. BCN - ON 


Xmit voice (VHF 
AM) reporting 
Position 
Mn chutes 
disreefed 
Splash err 
Crew status 


Crew couch struts (4) - 
unlock 


Pd PS Pd PS Pd Pd PS Pd Pd Od Od OOS OS PS PS PS PS PS PA PS PS PS PS PS PS PS PS PS PS PS PS PS 


CM RCS He DUMP Guarded. 


pb - push 


CM PRPLNT DUMP - Guarded. CM PRPLNT DUMP and PURG switches provided 


on (up) 


alternate means of initiating He dump. 


CM PRPLNT PURG - Guarded. 
on (up) 


Main parachutes disreef in =15 seconds. 


Guarded. MN DPLY pushbutton should be pushed within 
1 second after pilot chute mortars fire to ensure 
simultaneous deployment of main parachutes. 


If VHF AM B SIMPLEX or VHF AM A DUPLEX required, turn 
off beacon during period of communication. 


Continue voice transmission until touchdown. 
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OL6T Ame JT MYA Osea 


ajeq esueyy 


eseg 


OT-S 


STA/T STEP 


LMP 


8 


cb FLT/PL BAT 
BUS A, B & BAT C 
(3) - close 
cb FLT/PL MNA - open 
eb FLT/PL MNB - open 


cb RAD HTRS OVLD 
(2) - open 


cb SPS PITCH (2) - open 
cb SPS YAW (2) - open 


rh CAB PRESS RELF viv - 


DUMP (safety latch 
off ) 


FLOOD FIXED - POST LDG 


FLOOD DIM - 1 or 2 


Verify RCS IND sel - 
CM 1 


PROCEDURE 


Pd Pd Pd Od Dd Dd Dd OS Dd PS Dd Pd bd Od DG Od Dd Dd Dd Pd Pd PS PS PS PS PS PS PG PF OG 


Connects battery bus A, B, and battery C to flight 
and postlanding bus. 


Assures minimum cabin-to-ambient negative AP for 
landing impact. 


Provides power from flight and postlanding bus to one 
floodlight in LH couch area and one floodlight in 
center couch area. 


Position 1 provides power to two secondary flood- 
lights, and position 2 provides power to two primary 
floodlights when FLOOD FIXED switch is in POST LDG 
position and de main buses are deactivated. 


Provides means of monitoring He pressure. 
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OL6T AtTme LT 73°C Ptsea 


ejeq esueyod 


azeg 


TIWS 


STA/T STEP PROCEDURE 


18 CAB PRESS RELF viv (2) - 
CLOSE (safety latch 
off ) 


ELS LOGIC - on (up) 
(verify ) 


CM RCS PRPLNT (both) - 
OFF 
CM RCS PRPLNT tb 
(both) - bp 


DIRECT 02 viv —- OPEN 
(ccw) 


MN BUS TIE (2) - OFF 
CAUTION 


Sw must be left in OFF 
position to ensure that 
bats A, B & C are used 
to pwr postlanding sys 
only, & to prevent bat 
shorting caused by 
water entering CM feed- 
thru conn, 


5.1.1.1 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTA 


PS Pd PS PS Dd Pd PS PS PS Pd Od OS PS PS OS DS PS PS PS OPS PS OM PS PS OS PS PS OG 


Valves must be closed prior to touchdown to prevent 
water from entering CM. 


OFF position is momentary. 


Barber pole indicates at least one valve closed in 
each system. 


Removes battery power from dc main buses. 
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STA/T STEP PROCEDURE 


ajeq oIseg 


LMP 23 cb BAT RLY BUS (2) - x 
open X 
X 
5 24 Postlanding check, 4.17 x 
C4 
gc 
jo) 
“< > 
ic 6 
a tC 
5 
fe 2 
> OR 
S mb 
ce 
4 Hs 
ro) 
z QR 
a 
ey 
AM) 
U0 —, 
to 
© 
- vw 
» 
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@ 
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| 
ine) 


LES ABORT MODE IA 


» aoe 


ayeq cIseg 


OL6T ATL LT 


ayeq esueyy 


aseg 


€T@S 


STA/T STEP PROCEDURE 


CDR 


5.1.1.2 Mode 1B LES Abort (00:2 - 01:56) 


1 Abort initiation X 
auto or man Xx 

THC - CCW xX 
X 

X 


XXX XX XXKXXKXXXXXXXXKXXXXX 
x 

X CM/SM SEP (both) — on 

X (up) 

x 
XXXXXXXXXXXXXXXXXXXXXXXXKXX 


BECO (auto) 

Evnt Tmr rset & 
counting up (auto) 
CM/SM deadface (auto) 

SM C/W lts - on 


MASTER ALARM pb/1t - 
on 


CM RCS press 
(auto ) 


PT PL PS PS PS PS PS PS PS PS PS Pd PS PS OPS OPS 


5.1.1.2 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTA 


Request grd 
emd BECO 


If manual backup required for any auto event after 
abort initiation, it must be performed after LE motor 
burnout (abort T +00:05) because of high G environ- 
ment during LE motor burn. 


Guarded. On position is momentary. If abort 
initiated with CM/SM SEP switches, subsequent 
events may require manual initiation and mist be 
performed after LE motor burnout. 
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CDR RCS cont trnfr (auto) 
00:00.1 CM/SM sep (auto) 
LE motor fire (auto) 


00:01 SCS/RCS enbl (auto) 


OL6t Atar LT eed Osea 


00:01.8 CM/SM sep pyro dead- 
face (auto) 


Pq PS Pd Pd PS OS DS Pd PS PG DK 


XXXXXXXXXXXKXKXAXXKXXXXXXXK 


If abort init with 
CM/SM SEP (both) or 
BU req for any auto 
evnt 


ayeq esueyo 


EVNT TMR RSET - RSET 
EVNT TMR START - START 
CM RCS PRESS - on (up) 


RCS TRNFR - CM 


ased 


LES MOT FIRE pb - push 


RCS CMD - ON 


Pa ES SPS CES CEE, a OSES ey ry ee ee 


XXXXXXAXXXXXKAXKAXKXAXKX 


HT-S 


RSET position is momentary. 

START position is momentary. 
Guarded. On position is momentary. 
CM position is momentary. 

Guarded. 


ON position is momentary. 
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CDR 
00:11 


ajeq oIseg 


CMP 2 


LMP 3 


OL6T ATue LT 


CDR 
00:14 


2hK'! 


CMP 


a3eq esueyys 


eded 


STS 


Jelekse 


STA/T STEP 


Canard deploy (auto) 

C/W CSM = CM 

MASTER ALARM pb/lt - 

push 

ELS logic arm (auto) 

LES TWR jett (auto) 

a. Docking ring sep 
TWR attach nuts 
detonate 
SCS RCS disable 
TWR jett mot fire 

Apex cover jett (auto) 


Drogue chutes deploy 
(auto) 
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PROCEDURE 


PSPS PS PS PS Pd Od Dd Dd Dd Bd DS Bd Dd Dd Dd Od Dd Od Od YB OB Bd De bd Be Be Be 


CNRD DPLY pb —- push] Guarded. 


Extinguishes all SM C/W lights and enables CM RCS 


lights. 


ELS LOGIC ~ on (up)] Guarded. 


CSM/LM FNL SEP Guarded. On position is momentary. 


(both) - on (up) 


TWR JETT Guarded. On position is momentary. 


(both) - on (up) 


RCS CMD — OFF OFF position is momentary. 


APEX COVER JETT Guarded. 
pb - push 


DROG DPLY pb - push| Guarded. 


(2 sec after 
apex cover jett) 


LES ABORT MODE IB 


— ABORT — 
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iss) 

» 

wn 

he 
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s) CDR 
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ty | CDR 
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ct 
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oa 
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CMP 

wi 

I 

fw 

ON 


4 Mon CAB PRESS ind ~ 


starts incr 


Mn chutes & VHF 
recovery ant deploy 
(auto) 


MN DPLY pb - push 
(within 1 sec) 


CAUTION 


CM PRPLNT DUMP should 
be init immediately 
after mn chute dis- 
reefing. If mm or 

pyro bus lost, use RHCs 
for burn, not CM PRPLNT 
DUMP sw. , 


6 CAB PRESS RELF viv (2) - 


CLOSE (safety latch 
off ) 


Dd Pd Pd Dd Pd DS Dd Dd Dd Dd Pd Dd PS BS Dd Pd Dd OS PS OOS PS PS PS OS PS PS PS PS PS PS PS PS PS PS 


PROCEDURE PANEL 


STA/T STEP 


If not incr by 17K' 
rh CAB PRESS 
RELF viv - 
DUMP (safety 
latch off) 

If still no incr 
CAB PRESS DUMP 
viv - open 

(ccw) 


If CAB PRESS DUMP 
viv used to 
equalize AP, CAB 
PRESS DUMP viv - 
close (cw) 


No increase indicates cabin pressure relief valve 
failure. 


Auto deployment occurs between 10,950 feet and 
9,100 feet. Parachutes disreef in =15 seconds. 


Guarded. MN DPLY pushbutton should be pushed 
within one second after pilot chute mortars fire to 
ensure simultaneous deployment of main parachutes. 


MOOGANWH SNOILVUAdO OTTOdV 
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CDR 7 CM PRPLNT DUMP - on (up) 
(dump burn is audible) 


ayeq oIseg 


CMP 8 RCS IND sel ~ CM 1 
CM RCS He PRESS ind - 
decr 


oL6t Ate LT 


ayeg edueyy 


IMP 9 Set up entry comm 
VHF ANT ~ RECY 
VHF AM A ~ SIMPLEX 
VHF BCN - ON 


Xmit voice 
(VHF AM) reporting 
Position 
Mn chutes 
disreefed 
Splash err 
Crew status 


eseg 


LIS 


Pees te 
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STA/T STEP PROCEDURE 


xX 
xX 
x 
xX 
X 
xX 
X 
X 
X 
xX 
X 
xX 
xX 
xX 
X 
X 
xX 
xX 
X 
X 
xX 
X 
xX 
X 
X 
X 
X 
X 
X 


RCS IND sel — CM 2 
CM RCS He PRESS 
ind - decr 
If not decr or 
RCS jets not 
firing 
RHC (both) - 
Fire all RCS 
jets (except 
plus pitch) 
until 
prplints 
are depleted 


Guarded. 


One RHC positioned to command plus yaw and roll 
(excluding plus pitch) and other RHC positioned 
to command minus yaw, pitch and roll. 


If VHF AM B SIMPLEX or VHF AM A DUPLEX required, 
turn off beacon during period of communication. 


Continue voice transmission until touchdown. 
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os 
o CMP 10 Crew couch struts (4) - X 
= unlock X 
xX 
= ll Grd track determination X 
xX 
by a. Key V37E 21E xX 
a X 
be b. FL Vok N06 X 
8 Option code 00002 xX 
me CMC assumed option X 
0000X x 
2) Verify X 
a R2 = 00001 X 
3 PRO X 
2 xX 
u ec. FL VO6 N34 X Initial display will contain zeros (present time). 
- GET Lat Long X If not changed by astronaut, calculations will be 
OOXXX. HRS xX based on present time. 
OOOXX. MIN Xx 
OXX.XX SEC Xx 
X 
Accept PRO Xx 
Reject Key V25E xX 
Load xX 
desired X 
A GET Lat X 
. Long Xx 
wn 
fa 
fos] las 
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ajeq esueyy 


aseg 


6T-S 


salt room 
CMP ad. FL VO6 N43 x 
Lat (+N) X 
XXX.XX DEG X 
Long (+E) x 
XXX.XX DEG X 
Alt XXXX.X NM X Altitude above launch pad radius. At this point, 
x altitude/10, VI, and gamma available by keying NT73E. 
X 
12 When prplnt dump burn xX Both CM RCS LOGIC and CM PRPLNT DUMP switches must be 
completed X on to power CM PRPLNT PURG switch. 
CDR CM PRPLNT PURG - on X 
(up) (purge is X CM RCS He DUMP pb -| Guarded. CM RCS He DUMP pb should be used to initiate 
audible) X push purge following normal dump operation if CM PRPLNT 
CDR , CMP X If RHC (both) used | PURG switch fails to initiate purge. Visual fire 
X for prplnt dump from RCS engine nozzle extension surfaces after 
X burn burn to depletion and during purge, is expected and 
X RHC (both) - normal. 
X Fire all jets 
X (except plus | One RHC positioned to command plus yaw and roll 
X pitch) (excluding plus pitch) and other RHC positioned 
xX to command minus yaw, pitch and roll. 
X 
13 CAB PRESS RELF viv (2) - X 
BOOST/ENTR (safety X If CAB PRESS DUMP 
latch off) X viv used to 
x equalize AP, CAB 
X PRESS DUMP viv - 
X open (ccw) 
xX 
IMP 14 cb FLT/PL BAT BUS A, B & X Connects battery bus A, B, and battery C to 
BAT C (3) - close x flight and postlanding bus. 
5.1.1.2 LES ABORT MODE IB 
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STA/T STEP 


eb FLT/PL MNA - open 


ojeq oIseg 


cb FLT/PL MNB - open 


eb RAD HTRS OVLD 
(2) - open 


cb SPS PITCH (2) - open 


ol6T Atne LT 


ecb SPS YAW (2) - open 


rh CAB PRESS RELF viv - 
DUMP (safety latch 
off) 


Ensures minimum cabin-to-ambient negative AP for 
landing impact. 


FLOOD FIXED - POST LDG Provides power from flight and postlanding bus to one 
floodlight in LH couch area and one floodlight in 


center couch area. 


ejeq esueyD 


FLOOD DIM - 1 or 2 Position 1 provides power to two secondary floodlights 
and position 2 provides power to two primary flood- 
lights when FLOOD FIXED switch in POST LDG position 


after de main buses deactivated. 


CAB PRESS RELF viv (2) - 
CLOSE (safety latch 
off) 


Valves must be closed prior to touchdown to prevent 
If CAB PRESS DUMP water from entering CM. 
viv used to 
equalize AP, CAB 
PRESS DUMP viv - 
close (CW) 


aZeg 
be dd bd b4 Dd Dd Bd Dd Dd Dd Dd Dd Dd Dd Dd DG Dd Pd DS Dd Dd Dd Dd Dd BM PS Dd Od DO OK 


O2-S 
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OL6T Atne LT 27°C Osta 


ajyeq esueyy 


aseg 


LenS 


CDR 2h 


CMP 25 


CDR 26 


LMP 27 


28 


2g 


5.1.1.2 


STA/T STEP PROCEDURE 


Guarded. 


ELS LOGIC - on (up) 
(verify ) 


CM RCS PRPLNT (both) - 
OFF 
CM RCS PRPLNT tb 
(both) - bp 


Barber pole indicates at least one valve closed in 
each system. 


DIRECT 02 viv - OPEN 
(ccw) 


MN BUS TIE (2) - OFF Removes battery power from de main buses. 


CAUTION 


MN BUS TIE sw must be 
left in OFF position 
to ensure that bats 

A, B, & C are used to 
pwr postlanding sys 
only, & to prevent 

bat shorting caused by 
water entering CM 
feed-thru conn 


eb BAT RLY BUS (2) - 
open 


bd pd Dd DS Dd Dd Dd Dd Pd Dd Dd Pd Dd Od Pd PS PS PS PS PS PS PS PS PS PS PS PS PS PS 


Postlanding check, 4.17 
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ajyeq viseg 


CDR 1 Abort initiation 
auto or man 
THC — CCW 


XXXXXXXXXXXXXXXXKXXXXXXXXXX 
X 

X CM/SM SEP (both) - on 

X (up) 

x 
XXXXXXXXXXXXXKXXXXXXXXXXXX 


OL6T ATrLE LT 


BECO (auto) 


ayeq eB8ueys 


Evnt Tmr rset & 
counting up (auto) 


CM/SM deadface (auto) 
SM C/W lts - on 


MASTER ALARM pb/1t - 
on 


ased 


CM RCS press 
(auto) 


Xx 
X 
X 
x 
Xx 
x 
x 
X 
X 
X 
x 
X 
Xx 
Xx 
xX 
X 


Z2arS 


5.1.1.3 Mode 1C LES Abort (01: 


56 - 03:18) 


Request grd 
emd BECO 


STA/T STEP PROCEDURE PANEL 


If manual backup required for any auto event after 
abort initiation it must be performed after LE motor 
burnout (abort T +00:05) because of the high G 
environment during LE motor burn. 


Guarded. On position is momentary. If abort is 
initiated with CM/SM SEP switches, subsequent events 
may require manual initiation and must be performed 
after LE motor burnout. 
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STA/T STEP PROCEDURE PANEL 


CDR RCS cont trnfr (auto) 


ajyeq vIseg 


00:00.1 CM/SM sep (auto) 


LE mot fire (auto) 


OL6T AtTne LT 


xX 

x 

Xx 

X 

X 

x 
00:01 SCS/RCS enbl (auto) X 
X 
00:01.8 CM/SM sep pyro dead- X 
face (auto) x 

X 
X 


00 :05 XXXXXXXXXXXXXXXXXXXXXXXXX 


If abort init with CM/ 
SM SEP (both) or BU 
req for any auto 
evnt 


ayeq esueys 


EVNT TMR RSET — RSET RSET position is momentary. 


EVNT TMR START — START START position is momentary. 


CM RCS PRESS - on (up) Guarded. On position is momentary. 


MOOGANVH SNOILVUAdO OTTOdV 
(2)-f-II WOoTd~€O-VenS 


RCS TRNFR — CM CM position is momentary. 


PI PS PS PT PS OPS OPS PS PS OPS PS PS OPS OO PS 


aseg 


CDR LES MOT FIRE pb — push Guarded. 


€e~S 


5.1.1.3 LES ABORT MODE IC 
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= ABORT] 


OL6t 4tne LT Pd sea 


ayeq esdueyn 


adeg 


H2-S 


sara om — 2 


CMP 


00:11 


X RCS CMD — ON ON position is momentary. 
X 
XXXXXXXXXXXXXXXXXXXXXKAKAK 


Canard deploy (auto) CNRD DPLY pb - push | Guarded. 


2 C/W CSM - CM Extinguishes all SM C/W lights and enables CM RCS 
lights. 


3 MASTER ALARM pb/1t - 
push 


xX 
X 
X 
xX 
X 
xX 
xX 
xX 
X 
X 
4 Mon LEV stat X 
GMBL LOCK 1t - out X 
Abort apogee >30 NM X 
IMU gmbl lock can be X 
avoided during X 
man con xX 
FDAIs agree X 
xX 

X 

xX 

xX 

X 

X 

xX 

xX 

xX 

xX 

X 


If all above 
conditions met, 
go to 5; other- 
wise go to 18 


5 TWR JETT 
(both) - on (up) 


Guarded. On position is momentary. 


a. Docking ring sep CSM/LM FNL SEP Guarded. On position is momentary. 


(both) - on (up) 
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OL6T Atmp LT 27°C PSP a 


eayeq esueys 


eased 


S2-S 


STA/T STEP 


b. TWR attach nuts 
detonate 


c. TWR jett mot fire 
Damp rates 


Mnvr to entry att 
R08 s-P 335° 5 ¥ O° 


BMAG MODE (3) - ATT 1/ 
RATE 2 


ATT DBD ~ MAX 
Set up for CM RCS sys 1 
AUTO RCS CM 1 
(6) - MNA/MNB 


AUTO RCS CM 2 
(6) - OFF 


BMAG MODE (3) - RATE 2 Prevents FDAI roll bug jump. 
EMS FUNC - ENTRY 
EMS MODE - NORM 


When .05 G 1t - on 
.O5 G sw -— on 


Xx 
xX 
x 
xX 
xX 
x 
X 
Xx 
xX 
xX 
xX 
xX 
X 
X 
X 
X 
x 
X 
xX 
X 
X 
xX 
X 
Xx 
X 
X 
X 
X 
X 
X 


5.1.1.3 LES ABORT MODE IC 
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OL6T Atne LT F7"C PISeg 


a3eq asueyy 


assed 


92-5 


sare = ee 


16 


50K' 17 


EMS ROLL - on (up) 
Maintain full lift 


Proceed to Earth Ldg 
Phase, 4.16 


(LET descent from 
Establish & maintain 


min 5 to 10°/sec + 
pitch rate with RHC 


LES TWR jett (auto) 

a. Docking ring sep 

b. TWR attach nuts 
detonate 

e. .SCS RCS disable 

d. TWR jett mot fire 

Apex cover jett (auto) 


Drogue chutes 
deploy (auto) 


PS PS PS PS OS OOS 


n 
ct 
o 
'S 
A =a 
~~ 


Xx 
x 
Xx 
xX 
X 
X 
X 
X 
X 
xX 
Xx 
X 
X 
X 
x 
xX 
x 
X 
Xx 
X 


Ot PS OS 


Pitchup rate of at least 5°/second should be main- 
tained until canard and LET begin trailing CM upon 
descending below entry interface. SCS ATT mode is 
rate command in all three axes at this time and RHC 
maximum command is 7°/second. 


CSM/LM FNL SEP Guarded. On position is momentary. 
(both) - on (up) 


TWR JETT Guarded. On position is momentary. 
(both) - on (up) 


RCS CMD — OFF OFF position is momentary. 


APEX COVER JETT Guarded. 
pb - push 


DROG DPLY pb - Guarded. 
push (2 sec after 
apex cover jett) 
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ve 
rt) 
n 
ua 
ro) 
wy |23.5K' 
® |CDR 19 Mon CAB PRESS ind - 
. starts incr 
rf) 
~ 
Gy, 
fe 
ja) 
Ke 
p | CMP 
Ne) 
~] 
oO 
QQ) 410K" Mn chutes & VHF 
8 recovery ant deploy 
- (auto ) 
o 
4 CDR 20 MN DPLY pb - push 
+ (within 1 sec) 
CAUTION 
CM PRPLNT DUMP should 
be init immediately 
after mn chute dis- 
reefing. If mn or 
pyro bus lost, use RHCs 
A for burn, not CM PRPLNT 
ga DUMP sw. 
© 
CMP 21 CAB PRESS RELF viv (2) - 
CLOSE (safety latch 
off) 
wi 
i 
N 
~~] 
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P< PS PS Pd Pd Pd Pd DS DS PS PS Dd Pd Pd Od Od Pd DS PS Pd PS DS Pd DS Pd PS Dd PS PT PS OO PS PS PS 


sara a — I 


No increase indicates cabin pressure relief valve 
failure. 


If not incr by 17K’ 
rh CAB PRESS RELF 
viv - DUMP 
(safety latch 
off) 

If still no incr 
CAB PRESS DUMP 
viv - open 

(CCW) 


Auto deployment occurs between 10,950 feet and 
9,100 feet. Parachutes disreef in +15 seconds. 


MN DPLY pushbutton should be pushed within one 
second after pilot chute mortars fire to ensure 
simultaneous deployment of main parachutes. 


If CAB PRESS DUMP 
viv used to 
equalize AP, CAB 
PRESS DUMP viv - 

close (CW) 
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STA/T STEP 


CDR 22 CM PRPLNT DUMP - on (up) X 
(dump burn is audible) X 


CMP 23 RCS IND sel - CM1 
CM RCS He PRESS ind - 
decr 


IMP 24 Set up entry comm 
VHF ANT - RECY 
VHF AM A - SIMPLEX 
VHF BCN - ON 


XMIT voice (VHF) 
AM) reporting 
Pos 
Mn chute 
disreefed 
Splash err 
Crew stat 


CMP 25 Crew couch struts (4) - 
unlock 


bd bd bd Dd bd DS Dd Dd DS Dd Od Pd Od DS DS Pd DS OS PS OS PS OS PG PS PS PS PS PS 


RCS IND sel - CM 2 
CM RCS He PRESS 
ind - decr 
If not decr or 
RCS jets not 
firing 
RHC (both) - 
Fire all RCS 
jets (except 
plus pitch) 
until prplnt 
are depleted 


Guarded. 


One RHC positioned to command plus yaw and roll 
(excluding plus pitch) and other RHC positioned 
to command minus yaw, pitch, and roll. 


If VHF AM B SIMPLEX or VHF AM A DUPLEX required, 
turn off beacon during period of communication. 


Continue voice transmission until touchdown. 
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STA/T STEP PROCEDURE PANEL REMARKS 


26 Grd track 
determination 


a. Key V37TE 2lE 


b. FL Vok No6 
Option code 00002 
CMC assumed option 
0O000x 
Verify 
R2 = 00001 
PRO 


Initially set to 00001 (this vehicle). 


Initial display will contain zeros (present time). 
If not changed by astronaut, calculations will be 
based on present time. 


FL VO6 N34 
GET Lat Long 
OOXXX. HRS 
OOOXX. MIN 
OXX.XX SEC 


Accept PRO 
Reject Key V25E 
Load 
desired 
GET Lat 
Long 


d. FL VO6 N43 
Lat (+N) 
XXX. XX DEG 
Long (+E) 
XXX.XX DEG 


Alt XXXX.X NM Altitude is above launch pad radius. At this point, 


altitude/10, VI, and gamma is available by keying 
N73E. 


bd bd be bd bd Dd Dd DS Dd Dd Dd DS DS DS Dd DE PS DS Dd Dd Dd Dd PS Pd Pd OS DS OS Pd PS OS PS OS PS 


5.1.1.3 , LES ABORT MODE IC 
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68) 
i) 
mn 
Nh 
Q 
o 27 When prpint dump burn X 
a complete xX 
CM PRPLNT PURG —- on X 
K (up) (purge is x 
audible ) 4 
Cy 
g, X 
& xX 
c xX 
= xX 
X 
A xX 
x 
or X 
ea X 
- 
Q x 
. CAB PRESS RELF vlv (2) - X 
BOOST/ENTR (safety Xx 
latch off) X 
X 
xX 
xX 
X 
eb FLT/PL BAT BUS A, B X 
& BAT C (3) - close X 
‘J 
» xX 
a cb FLT/PL MNA - open X 
xX 
cb FLT/PL MNB - open x 
X 
eb. RAD HTRS OVLD X 
(2) - open x 
Ww 
1 
Les) 
co 


STA/T STEP PROCEDURE PANEL REMARKS 


Both CM RCS LOGIC and CM PRPLNT DUMP switches must 
be on to power CM PRPLNT PURG switch. 


CM RCS He DUMP Guarded pushbutton. CM RCS He DUMP pushbutton should 


pb - push 


be used to initiate purge following normal dump 


If RHC (both) used | operation if CM PRPLNT PURG switch fails to initiate 


for prplint 
burn 


RHC (bot 


clump purge. Visual fire from RCS engine nozzle extension 
surfaces, after burn to depletion and during purge, 
expected and normal. 


h) - One RHC positioned to command plus yaw and roll 


Fire all jets] (excluding plus pitch) and other RHC positioned 
(except plus to command minus yaw, pitch, and roll. 


pitch) 


If CAB PRESS DUMP 


viv used t 


° 


equalize AP, CAB 
PRESS DUMP vlv - 


open (CCW) 


Connects battery bus A, B, and battery C to flight 
and postlanding bus. 
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34 


35 


36 
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ased 


TES 


5.1.1.3 


PROCEDURE 


cb SPS PITCH (2) - open 
cb SPS YAW (2) - open 


rh CAB PRESS RELF vlv - 
DUMP (safety latch 
off) 


FLOOD FIXED -— POST LDG 


FLOOD DIM ~ 1 or 2 


CAB PRESS RELF vlv (2) - 
CLOSE (safety latch 
off) 


ELS LOGIC — on 
(up) (verify) 


CM RCS PRPLNT (both) - 
OFF 
CM RCS PRPLNT tb 
(both) - bp 
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X 
X 
X 
X 
X 
X 
X 
x 
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Xx 
xX 
x 
X 
X 
X 
X 
X 
X 
Xx 
X 
xX 
X 
Xx 
xX 
xX 
x 
X 
X 
xX 
X 


If CAB PRESS DUMP 
viv used to 
equalize AP, CAB 
PRESS DUMP viv - 
close (CW) 


Ensures minimum cabin-to-ambient negative AP for CM 
impact. 


Provides power from flight and postlanding bus to 
one floodlight in LH couch area and one floodlight 
in center couch area. 


Position 1 provides power to two secondary flood- 
lights, and position 2 provides power to two primary 
floodlights when FLOOD FIXED switch in POST LDG 
position and de main buses deactivated. 


Valves must be closed prior to touchdown to prevent 
water from entering CM. 


Guarded. 


OFF position is momentary. 


Barber pole indicates at least one valve closed in 
each system. 
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STA/T STEP PROCEDURE 


CDR 41 DIRECT 02 vlv ~ OPEN 
(ccWw) 


LMP 42 MN BUS TIE (2) - OFF Removes battery power from dc main buses. 


CAUTION 


MN BUS TIE sw must be 
left in OFF position 
to ensure that bats 

A, B, & C are used to 
pwr postlanding sys 
only, & to prevent bat 
shorting caused by 
water entering CM 
feed—-thru conn. 


cb BAT RLY BUS (2) - 
open 


>< bd Dd Dd bd Dd Dd DS Pd PS PS PS OPS PS PS PS Pd PS OOS PG OPN 


Postlanding check, 4.17 
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5.1.2 RCS/SPS ABORT MODES II, III, IV 


Mode II, III, and IV aborts are manually initiated and utilize the SM RCS to provide a safe 
separation distance from the SIVB. After separation and CSM stabilization, the abort possibilities 
separate into three categories. 


@ CM/SM separation and coast-to-landing site (MODE II). 


e Shaped trajectory abort utilizing an SPS variable maneuver to correct the trajectory for 
the desired landing site in the Atlantic Recovery Area (MODE III). 


Abort-—to-earth-orbit utilizing the SPS to attain earth orbital altitude and speed (MODE IV). 


RCS/SPS ABORT MODES II, III, IV a 
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STA/T STEP PROCEDURE 


CDR 


5.1.2.1 Mode II RCS Abort (03 


1 THC ~ CCW (4.0 sec min) 


Evnt Tmr rset & 
counting up (auto) 


BECO (auto ) 
SII Stage - LV ENG 1, 
2, 3, 4 & 5 lts - on 
SIVB Stage - LV ENG 
1 it - on 
Dir ullage started 
(auto) 
Adapter sep (auto) 
All LV ENG its - out 


RCS/SCS enbl (auto) 
Key V82E 
FL V16 N44 
Ha XXXX.X NM 
Hp  XXXX.X NM 
TFF XXBXX MIN-SEC 


THC - ARMED, ctr & 


+X trans 


bd bd bd bd Dd bd Od Dd Dd Dd DS Dd Pd Dd Dd Pd Dd DS Pd Pd Pd PS DS PS PS OS PS OOS PS 


:18 to 10:08) 


EVNT TMR RSET - 
RSET 

EVNT TMR START - 
START 

Request grd 
emd BECO 


DIR ULL pb - push 
CSM/LV SEP pb - 
push 


RCS CMD - ON 


DIR ULL pb - push 


Direct ullage commanded when THC placed CCW. THC 
must be left in CCW detent for 4.0 seconds to allow 
3.0-second timer (adapter separation) and 0.8-second 
timer (RCS enable) to operate. 


RSET position is momentary. 


START position is momentary. 


Guarded. 


ON. position is momentary. 
Calls R30 for meaningful display of N50. 


Apogee altitude. 
Perigee altitude. 
Time of free fall to 49.4 NM (300,000 feet). 


Automatic direct ullage terminated when THC returned 
to center. 


RCS ABORT MODE II 
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STA/T STEP PROCEDURE 


CMP 3 Key NSOE 


Splash error 
XXXX.X NM 
Hp XXXX.X NM 
TFF XXBXX MIN- 
SEC 


Term +X trans 


If TFF <2 min 
Yaw 45° left (out of 
plane ) 
Start R&P mnvr to 
entry att R 0°, 
P 120° 


If TFF <2 min 
Start mnvr to entry 
att R-o°, P 120°, 
¥ “02 


BMAG MODE (3) - 
ATT 1/RATE 2 


CSM/LM FNL SEP (both) - 
on (up) 


CM/SM SEP (both) - on 
(up) 

CM/SM deadface (auto) 

SM C/W lts - on 


PS PS PS PS PS PS PS PS Pd PS PS PS PS PS OS Dt Pd PG OO PS DS PS OPS PS OS Pd PS PS PS PS OS PS POS 


5.1.2.1 
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PANEL REMARKS 


Negative for undershoot, positive for overshoot. 


If TFF <100 seconds, maneuver to entry attitude must 
be initiated immediately and separation performed at 


entry attitude. 


Guarded. On position is momentary. 
ring. 


Guarded. On position is momentary. 
and tension ties severed. 


RCS ABORT MODE II 


Jettisons docking 


CM/SM umbilical 
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STA/T STEP 


MASTER ALARM pb/lts - 
on 
CM RCS press (auto) 


RCS cont trnfr (auto) 
CM/SM sep (auto) 
C/W CSM - CM 


MASTER ALARM pb/lt - 
push 


Start yaw mnvr to entry 
att 
¥ 0° 


ATT DBD - MAX 


Note TFF 


Mnvr to entry ati 
RNO° > P1268... “¥ O° 


Set up for CM RCS sys l 
AUTO RCS CM 1 
(6) - MNA or MNB 
AUTO RCS CM 2 
(6) - OFF 


BMAG MODE (3) — RATE 2 
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PROCEDURE 


Pa PS PS PS PS PS OPS Pd PS Pd Pd Dd Dd Dd Dd Dd Dd Dd be Dd Dd bd Dd Dd Dd bd Dd Ded Od Od Be 


CM RCS PRESS - on 
(up ) 
RCS TRNFR - CM 


Guarded. On position is momentary. 
CM position is momentary. 


Extinguishes all SM C/W lights and enables CM RCS C/W 
lights. 


Maneuver-to-entry attitude must be completed prior to 
TFF = 0 seconds. 


BEF, heads down, full lift. 


Prevents roll bug jump when .05 G switch set to on. 


RCS ABORT MODE II 
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STA/T STEP PROCEDURE PANEL 


EMS FUNC - ENTRY 
EMS MODE ~ NORM 


When .05 G lt — on, 
.05 G sw - on (up) 


EMS ROLL - on (up) 


Maintain full lift 


Proceed to Earth 
Lag Phase, 4.16 


bd bd bd Pd Dd Pd Pd Pd Od DS PS OS OS 


Bie : RCS ABORT MODE II 
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sara = I 


5.1.2.2 Mode III SPS Abort (10:08 to Insertion) 


1 THC ~ CCW (4.0 sec min) 


Evnt Tmr rset & 
counting up (auto) 


BECO (auto) 


LV ENG 1 1t - on 

Dir ullage started 
(auto ) 

Adapter sep (auto) 

LV ENG 1 1t - out 


00:03.8 RCS/SCS enbl (auto) 


CDR 


Key V82E 
FL V16 N44 
Ha XXXX.X NM 
Hp XXXX.X NM 
TFF XXBXX MIN-SEC 


2 LV IND/GPI sw - GPI 


Dd PS Pt PS OPS PS PS OS PP PS PS PT PS PS Ot PS PS PS OPS OPT OP OPS PS OPS OPS 


Direct ullage commanded when THC placed CCW. THC 
must be left in CCW detent for 4.0 seconds to allow 
3.0-second timer (adapter separation) and 0.8~second 
timer (RCS enable) to operate. 


EVNT TMR RSET - RSET position is momentary. 
RSET 

EVNT TMR START - START position is momentary. 
START 

Request grd cmd 
SIVB BECO 


DIR ULL pb - push 


CSM/LV SEP pb - Guarded. 
push 


RCS CMD - ON ON position is momentary. 
Calls R30 for meaningful display of N50. 
Apogee altitude. 


Perigee altitude. 
Time of free fall to 49.4 NM (300,000 ft). 


MOOGANVH SNOILVYAdO OTTOdV 
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SPS ABORT MODE ITI 
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STA/T STEP PROCEDURE 


CDR 3 THC ~— ARMED, ctr & 
+X trans 


DIR ULL pb - push Automatic direct ullage terminated when THC returned 
to center. 


cmp 4 Key NSOE 


Splash err 

XXXX.X NM Negative for undershoot, positive for overshoot. 
Hp XXXX.X NM 
TFF XXBXX MIN- If TFF <100 seconds, maneuver to entry attitude 


SEC 


immediately. 


00:24 5 Term +X trans 


6 Mnvr to retro att 
R 180°, P 194°, Y 0° BEF, heads up. 
7 Obtain retro update 


8 BMAG MODE (3) - ATT 1/ 
RATE 2 


9 RATE - LO 

10 Verify SPS GMBL ind 
(2) = SPS GMBL tw (2) 
settings 


11 EMS MODE - NORM 


01:50 
12 Start ullage 


bd bd bd bd Dd Dd Dd bed Dd Dd Od Dd Dd Dd Dd Dd Dd Dd Dd Dd Pd PS Dd Pd PS Pd PS PS PS PS 


5.1.2.2 SPS ABORT MODE III 
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PROCEDURE 


CDR 13 AV THRUST A — NORM 


02:05 


14 


SPS THRUST ~ DIR ON 
If no SPS IGN 
AV THRUST B — NORM 
If still no SPS IGN 
THRUST ON pb ~- push 


RATE - HI 
Term ullage - 
IGN +1 sec 


AV ind = desired value 
or AR = 0 


If TFF >2 min 
Yaw 45° right (out of 
plane) before CM/SM 
sep 
If TFF <2 min, go to 18 
AV THRUST (2) - OFF 


EMS MODE - STBY 


bd bd bd bd bd Dd Dd Dd Dd Dd Dd DS DS Pd Dd Pd Pd DS PS Pd PS PS PS DS Pd PS PS PS PS 


Guarded. 


Lever lock. 


Bypasses noise problem in SCS gyro assemblies because 
of thrusting vibration levels and provides backup 
to auto selection high rate in pitch and yaw TVC. 


Guarded. 


SPS ABORT MODE III 
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STA/T STEP PROCEDURE PANEL 


CDR 20 Mnvr to entry att 


CMP 21 


R 0°, P 105°, Y 0° 


CSM/LM FNL SEP (both) - 
on (up) 


CM/SM SEP (both) - on 
(up ) 

CM/SM deadface (auto) 

SM C/W lts —- on 

MASTER ALARM pb/1t - on 

CM RCS press (auto) 


RCS cont trnfr (auto) 
CM/SM sep (auto) 


C/W CSM - CM 


MASTER ALARM pb/1t - 
push 


ATT DBD — MAX 
Note TFF 


Complete mnvr to entry 
att 


5.1.2.2 


a a oe 


Guarded. On position is momentary. Jettisons 
docking ring. 


Guarded. On position is momentary. CM/SM umbilical 
and tension ties severed. 


CM RCS PRESS —- on Guarded. On position is momentary. 
(up ) 
RCS TRNFR - CM CM position is momentary. 


Extinguishes all SM C/W lights and enables CM RCS 
C/W lights. 


Maneuver-to-entry attitude must be completed prior 
to TFF = 0 seconds. 


BEF, heads down, full lift. 


SPS ABORT MODE III 
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STA/T STEP PROCEDURE 


CDR 28 Set up for CM RCS sys 1 
AUTO RCS CM 1 
(6) - MNA OR MNB 
AUTO RCS CM 2 
(6) - OFF 


BMAG MODE (3) - RATE 2 Prevents roll bug jump when .05 G switch is set to on. 


EMS FUNC - ENTRY 
EMS MODE - NORM 


Maintain full lift to 
.05 G 


When .05 G it - on, 
.05 G sw - on (up) 


FMS ROLL — on (up) 
Maintain half lift 


Proceed to Earth 
Ldg Phase, 4.16 
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STA/T STEP 


PROCEDURE 


5.1.2.3 Mode IV SPS Abort (09:00 to Insertion) 


ayeq oIseg 


CDR 1 THC - CCW (4.0 sec min) Direct ullage is commanded when THC placed CCW. THC 


oL6T Ate LT 


ayeq esueyy 


aseg 


Enns 


Evnt Tmr rset & 
counting up (auto) 


BECO (auto) 


LV ENG 1 1t —- on 

Dir ullage started 
(auto) 

Adapter sep (auto) 


LV ENG 1 1t - out 
RCS/SCS enbl (auto) 
LV IND/GPI sw -~ GPI 


THC —- ARMED, ctr & 
+X tran 


Key V82E 
FL V16 NY 
Ha  XXXX.X NM 
Hp  XXXX.X NM 


TFF XXBXX MIN-SEC 


5.1.2.3 
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xX 
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Xx 
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xX 
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X 
X 
X 
X 
X 
Xx 
xX 
x 
x 
X 
X 
X 
xX 
X 
X 
Xx 


EVNT TMR RSET - 
RSET 

EVNT TMR START - 
START 

Request grd cmd 
SIVB BECO 


DIR ULL pb - 
push 

CSM/LV SEP pb - 
push 


RCS CMD - ON 


DIR ULL pb - push 


must be left in CCW detent for 4.0 seconds to allow 
3.0-second timer (adapter separation) and 0.8-second 
timer (RCS enable) to operate. 

RSET position is momentary. 


START position is momentary. 


Guarded. 


ON position is momentary. 


Automatic direct ullage terminated when THC returned 
to center. 


SPS ABORT MODE IV 
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ayeq osueyy 
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Term +X trans 


Mnvr to insertion att 
R 180°, P 350°, Y 0° 


Obtain insertion update 


BMAG MODE (3) - ATT 1/ 
RATE 2 


RATE - LO 

Verify SPS GMBL ind 
(2) = SPS GMBL tw (2) 
settings 


EMS MODE - NORM 


Start ullage 


AV THRUST A - NORM 


SPS THRUST - DIR ON 


If no SPS IGN 
AV THRUST B — NORM 


If still no SPS IGN 
THRUST ON pb — push 


xX 
x 
x 
x 
X 
X 
X 
xX 
X 
X 
X 
X 
X 
X 
xX 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
x 
x 
x 
x 
x 
xX 
x 


SEF, heads down. Slight movement of GPI indicator 
(4) will be observed if SCS TVC (2) - RATE CMD. 


Guarded. 


Lever lock. 


SPS ABORT MODE IV 
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STA/T STEP PROCEDURE 


CDR 15 RATE - HI Bypasses noise problem in SCS gyro assemblies because 
of thrusting vibration levels and provides backup to 


auto selection of high rate in pitch and yaw TVC. 


ajyeq otseg 


Term ullage - IGN 
+1 sec 


BMAG MODE PITCH - RATE 1 
SPS GMBL tw - maintain 
pitch profile (VI, 
H dot, H) 


oL6T 4tmr LT 


AV THRUST (2) - OFF on 
VI 


SPS THRUST — NORM Lever lock. 


ayeq esueys 


EMS MODE - STBY 
SECO +40 sec 
Stat from grd 


SAFE ORBIT 
PRO (exit R30) 
Key V37TE OOE 


Postorbital Insertion 
Check, 4.3.2 


bd bd bd bd bd Dd Dd bd Dd Dd Dd Dd Dd Dd Dd Dd Pd Dd DS Dd PS PG Pd PS PS PS PS 
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5.1.2.3 SPS ABORT MODE IV 
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SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


5.2 MALFUNCTION PROCEDURES 
INTRODUCTION 


Malfunction procedures encompass the recognition, diagnosis, and 
corrective action for system malfunctions. In most°*cases, the crew is 
alerted to a malfunction condition by C&WS lights and indicators, or by 
the absence of a scheduled function or event. The crew will then locate, 
correct, or isolate the malfunction and determine its effect on the 
scheduled mission. In general, the procedures cover significant single 
failures. Double unrelated failures are not covered to prevent procedures 
from becoming complex and. unmanageable. 


The malfunction procedures are presented in logic flow diagram format 
and arranged by symptom routines. The symptom routines contain the primary 
malfunction procedures and are backed up by special subroutines and system 
reconfiguration routines where necessary. A three column format is used 
for symptom routine logic flow diagrams. A description and use of each of 
these columns is as follows: 


Symptom Column. The primary purpose of the symptom column is to allow 
entry into the malfunction procedures. Two types of symptom logic 
blocks are used in this column. These are the "C/W Status Light" and 
"Other Symptom" blocks. These two blocks, along with the supporting 
information under each block, explain and qualify the situation so the 
reader fully understands the symptom or condition that exists. All 
symptoms are arranged by systems, i.e., G&C, SPS, RCS, EPS, etc., and 
are numbered in sequence starting with number 1 for each system. A 
subsymptom that is directly related to a major symptom is identified 
by using the same number followed by a lower case letter, la, lb, le, 
etc. 


Procedure Column. The procedure column presents a step-by-step logic 
flow diagram of actions and decisions used to isolate or correct a 
malfunction symptom. This information is presented with several types 
of logic blocks. These blocks contain the procedures, decisions, and 
actions to locate and isolate the failure. Caution and Warning blocks 
alert the crew to situations which, if not corrected, may degrade the 
operational integrity of the SC systems or may have critical crew 
safety consequences. Remote event symbols are used to reference items 
in the Remarks column or to refer to other procedural steps. 
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Screentoaster ere 


Remarks Column. This column will include the following information: 


a. Amplifying additional remarks related to the symptom, i.e., relief 
valve vents at psia, burst dise ruptures at psia, or to 
notify the user of the urgency that he must treat a particular 
symptom, etc. 


b. Amplifying remarks which relate to a decision and/or action items 
(e.g., why a step is taken, possible system time lag, etc.). 


c. Explain resultant system status or operational capability after a 
failure has been identified, i.e., how subsystem is degraded, can 
degraded subsystem support primary mission, early termination of 
mission, etc. 


d. Cautions or Warnings, as necessary, to cover conditions that may 
exist because of a failure. 
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5.2.1 GUIDANCE AND CONTROL 

5.2.1.1 Guidance and Control 
Abnormal Vehicle Dynamics During SPS Thrusting i 5-57 
FDAI ATT Error Abnormal é 3~59 
FDAI Rate Ind Abnormal 3 5-59 
FDAI Total Attitude Display Abnormal 4 5-60 
FDAI Fails to Slew With ORDEAL a 5~00 
FDAI Total ATT Does Not Respond to GDC Align 6 5-61 
GPI/Fuel Press Ind(s) Pegged or Zero 7 5-61 
BMAG 1 (2) TEMP 1t - on 8 5-61 
Abnormal Vehicle Dynamics (Non-SPS Thrusting LM - 

Inactive) A 5-62 

o-2.1,2 Stabilization Control System 
RCS Failed On a 5-63 
Accel CMD Troubleshooting Routine 2 5-66 
Suspected Reduced RCS Authority 2a 5-66 
Rate CMD Troubleshooting Routine 3 5-67 
CSM Drifts Out of Deadband 3a 5-68 
Min Imp Troubleshooting Routine 4 5-69 
Suspected Reduced RCS Authority ha 5-70 
Direct RCS Troubleshooting Routine 5 5-71 
Vehicle Dynamics Oscillating & Diverging 6 5-71 
Abnormal Vehicle Dynamics During Translation T 5-T2 

2.2.1.3 Guidance and Navigation 
RCS Failed On 1 5-7h 
RHC Troubleshooting Routine 2 5=15 
CMC Auto Troubleshooting Routine 2a 5-75 
Suspected Reduced RCS Authority 2b 5=75 
THC Troubleshooting Routine 3 5-76 
Min Imp Cont Troubleshooting Routine \y 5-76 
CMC 1t ~ on > a A 
ISS 1t - on 6 5-77 
GIMBAL LOCK lt - on af a~TT 
TEMP 1t - on 8 5-78 
RESTART 1t - on 9 5-78 
TRACKER 1t ~ on 10 5-78 
PROG 1t - on ll 5-79 
Alarm Codes 12 5-79 


Special Sub Routines 


CMC Test 
CMC Jet Re-Config 
Fresh Start 
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Symptom 


9.2.2 SERVICE PROPULSION SYSTEM 
SPS PRESS 1t ~- on 
Fuel and/or Oxid Press High 
Fuel and/or Oxid Press Low 
Fuel and Oxid AP >20 psi 
Pitch (Yaw) Gmbl 1 (2) 1t - on 
SPS Premature Shutdown 
No SPS Ignition 
SPS Eng Does Not Shut Down Auto 
SPS Thrust lt on — Non Thrusting 
SPS Pc Abnormal 
SPS He Vlv tb - Abnormal 
He Press Low or Deer 
GN2 A (B) Press Low 
SPS Inj Vlv Partially Open 
SPS Inj Viv Ind Abnormal 
No Prplnt Temp Control 
No Response of SPS Oxid Vlv tb During Flow Adjust 
SPS Oxid Unbal Ind Erratic or Pegged 
SPS Oxid (Fuel) Qty Ind Readout Abnormal 


3 REACTION CONTROL SYSTEM 
-3.1 SM RCS 

5M RCS A (B,C,D) it - on 

SM RCS Pkg Temp Low 

SM RCS Pkg Temp High 

SM RCS SEC FUEL Press Low 

SM RCS SEC FUEL Press High 

SM RCS He Press Low or Deer 
SM RCS Prplnt Qty Low or Deer 


5.2.3.2 CM RCS 
CM RCS 1 (2) 1t - on 
CM RCS Manf Press High 
CM RCS Manf Press Low 
CM RCS He Press Low or Deer 
CM RCS Eng Temp Fails to Iner 


ELECTRICAL POWER SYSTEM 


4 
4 Cryogenics 
YO PRESS 1t ~ on 


02 (H2) Cryo Press Hi 
02 (H2) Cryo Press Low 
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i 5-83 
la 5-83 
lb 5-83 
le 5-83 

2 5-84 

3 5~84 
3a 5~84 

ho} 5~85 
ha 5-85 

Sk 5805 

6 5-85 

if 5-86 

8 5-86 
8a 5-86 

9 5~86 
Lo 5-86 
11 5~87 
le 587 
13 5-87 

a 5-89 
la 5-89 
lb 5-89 
le 5-89 
ld 5~89 

2 5-90 
2a 5-90 

3 5~=90 
3a a~90 
3b 5-90 

4 5-90 

5 5-90 

1 591 
la 5-91 
Lb 5~91 


3-50 


& 
i saennemmnatneemmessiemmmtnamtameemnntindinaniaaeeenancl Iara cr acne a 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


5.2.4.2 Fuel Cells 


FC 1 (2, 3) 1t - on 5~92 
FC 1 (2, 3) Skin Temp Hi 5=92 
FC 1 (2, 3) Skin Temp Low 5~92 
FC 1 (2, 3) Mod Cond Exh Temp Hi 5-93 
FC 1 (2, 3) Cond Exh Temp Low 5-93 
FC 1 (2, 3) Rad Temp Low tb - bp 5-93 
FC 1 (2, 3) pH HI tb - bp 5-94 
FC 1 (2, 3) 02 (H2) Flow Hi 5-94 
FC 1 (2, 3) 02 (H2) Flow Low 5-94 
FC Reg 02 (H2) Out Press Hi 5-94 
cb FC 1 (2, 3) PUMPS AC - Open 9-95 
FC 1 (2, 3) V-I-T Performance Low 5-95 
5.2.4.3 Power Distribution 

MN BUS A (B) UNDERVOLT lt - on 5-96 
AC BUS 1 (2) 1t - on 5-96 
AC BUS 1 (2) Overload 1t - on 5-96 
MN BUS A (B) Indicates <26 vdc 5-96 
AC BUS 1 (2) Voltage Low 2-97 
AC BUS 1 (2) Voltage High 5-9T 
INV 1 (2, 3) TEMP HI lt - on 5-97 
FC BUS DISCONNECT 1t - on 5-98 
Suspected Hi Current For CSM Config 5-98 
Bat Chgr Current Zero 5-99 
Bat Bus A (B) Current >1.0 With MN BUS TIE (2) ~ OFF 5+99 
FC tbs All Gray 5-99 
Pyro Bat Voltage <35 vde 5) 


Special Sub Routine 


Fuel Cell Shutdown 
Bus Short Isolation 


Symptom 


5.2.5 TELECOMMUNICATIONS SYSTEM 
One Crewman Has No Intercom Capability 
Loss of Intercom (All Crewmen) 
One Crewman Has Unselected Hot Mike Condition 
Loss of VHF Comm With MSFN 
Loss of VHF Comm With LM 
EMS Range Display Abnormal 
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Loss of S BD Voice Comm (MSFN within VHF range) T | 5-106 
Loss of S BD Voice Comm (MSFN not within VHF range) 8 | 5-107 
MSFN Reports Loss of Ranging 9 | 5-108 
MSFN Reports Loss of Real Time PCM 10 | 5-108 
Hi Gain Antenna Does Not Respond Properly to Manual 

Pointing Commands dl | 5-109 
Cannot Acquire or Maintain Phaselock With High Gain 

Antenna de 5-109 
Cannot Acquire Phaselock With Omniantennas 13 | 5-110 

5.2.6 ENVIRONMENTAL CONTROL SYSTEM 

O02 FLOW HI lt - on i o~11l 
02 Flow High La 5-111 
02 Flow Low 2 pelle 
Surge Tank Press High 3 | 5-lle2 
Cabin Press High or Increasing 4h “| 5-112 
Surge Tank Press Low > | 5113 
Cabin Press Low or Decreasing 6 | 5113 
Crew Uncomfortable In Cabin 7 | 5=114 
Cabin Humidity High Ta | 5-114 
Clinging Suit 8 [5-114 
SUIT COMPRESSOR lt - on 9 5-115 
Suit Compr AP Low Qa | 5-115 
Ballooned PGA's nae) 5-115 
Crew Uncomfortable in Suit Loop 11 | 5~116 
Suit Ckt Humidity High ila 5-116 
CO2 PP HI lt - on Le 5-116 
COe Part Press High i2a 5-116 
C02 Part Press Low l2b | 5-116 
CO2 Filter Seizure Within Canister i3 5-117 
GLYCOL TEMP LOW lt - on 14 5-117 
Prim ECS Rad Out Temp Low tha | 5-117 
Prim ECS Rad Out Temp High 15 5-117 
Prim Gly Evap Out Temp High i 5-118 
Prim Steam Press Low l6a | 5-118 
Prim Gly Evap Out Temp Low 17 | 5-119 
Prim Gly Accum Qty High 18 | 5-119 
Prim Gly Disch Press High 18a | 5-119 
Prim Gly Accum Qty Low or Decreasing 19 5-120 
Prim Gly Disch Press Low 20 5-120 
Sec Gly Evap Out Temp High 21 | 5-121 
Sec Steam Press Low ela 5-l2l 
Sec Gly Evap Out Temp Low 22 5-121 
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Sec ECS Rad Out Temp High 
Sec ECS Rad Out Temp Low 
Sec Gly Accum Qty High 
Sec Gly Accum Qty Decreasing 

Sec Gly Disch Press Low 

H20 Dumping Overboard 

Potable H20 Quantity Decreasing Rapidly 
Waste H20 Quantity Decreasing Rapidly 
Food Prep Water Temp Low 

Entrapped Gas in Potable H20 

Urine Overboard Dump Not Draining 

Waste H20 Overboard Dump Not Draining 
Inadequate Ventilation After Landing 
Water Inflow After Landing 


Special Sub Routine 


Secondary Loop Activation SSR~1 5-125 
Frozen Steam Duct SSR-2 5-125 


Symptom 


5.2.7 ENTRY MONITOR SYSTEM 
.05 G lt on (TEST 1) 
G/V Scroll Assy Does Not Slew (TEST 1) 
.05 G1t out (TEST 2) 
Lift Vector Dn Lt Will Not Come On (TEST 3) 
Rng Ind Will Not Slew (TEST 3) 
V-Axis Only or Multiple Displays Abnormal (TEST 4) 
Rng Ind Only Abnormal (TEST 4) 
G-Axis Only Abnormal (TEST 4) 
Lift Vector Up Lt Not On (TEST 5) 
G-Axis Does Not Drive (TEST 5) 
Rng Ind Does Not Slew in RNG SET 
G-Axis Does Not Zero in RNG SET 
V-Axis Does Not Slew in Vo SET 
AV/Rng Ind Abnormal in AV TEST 
SPS Thrust Lt Not On in AV TEST 
AV Ind Does Not Slew in AV SET 
AV/Rng Ind Fails to Count During AV's 
Either Lift Vector Lt On After 2G 


5.2.8 MISCELLANEOUS MALFUNCTIONS 
5.2.8.1 Docking 
Dock Probe Will Not Fold 
Dock Probe Extd/Rel tb A (B) Remains Gray After Capture 
(TLD only) 


5.2.8.2 Hatch 
Fwd Hatch Will Not Unlatch 
Fwd Hatch Will Not Latch 


_ 
Wt 
' 
a 
i) 
oO 
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@ AUTO RCS 


(16) - OFF 


@ ROT CONTR pwr 


[6 | Rate displey 
abnorme!? 


NO 


17 July 1970 


APOLLO OPERATIONS HANDBOOK 


[eee peal] 


GPi's ot O or CMC 


[3] *@ SC CONT - 
BS 


GP's drive to tw YES 
position & steody? 


[een] 
CMC TEST 


[ss] 
[a [aoe aie oe 


(3) = RATE 2 

o V37E AOE : 

@ ENTR = Proceed to No 
FL V50 N25 
00204 


ie], Check DAP 
J doto tood 


Date lood correct ? 


@ PRO 


NO 
O® 


18] Both axes 7 Perform auto NO 
optic positioning [19 ERROR 


affected ? 

COUNTER OR 
OCDU OUTPUT 
CHAN FAILED 


Optics satisfactory? 


2] TVC enable 
bit ck 


e Vil NIOE 
12E 

2 in C of RI? 
NO 


TVC ENABLE 
RELAY FAILED 


2 in E of RI? 


CHAN FAILED 
ordover ? FAILED HARDOVER 
NO 
21) RATE BMAG 
FAILED OPEN 


] 
LH 
: , 


Gbrormal ? 
YES 
NO 


Moan trim ck 


© THC ~ neutral 
[44] NO] GPI's drive to trim 
position & steady? 
YES 


22 Je RHC = neutral WAG NO. | 
Turn GMBL MTRS off es FAILED HARDOVER 


SCS FOAL 
att error hardover? 


g 
: 
6 


Stabilize CM I [25] csmaritts ot [NO 
@ AUTO RCS = ori of deadband? 


gonfig YES OR IGN ? SIGNAL 


FAILED 


r 
z 
? 


continuously? 


YES 


27} ATT LOOP OR 


[73] NO ATT LOOP 
Att errors null? FAILED OPEN 
YES (0) 


30} aMAG NO. 1 
FAILED OPEN 


RATE LOOP FAILED 
HARDOVER 


Change Date 


Page 


REMARKS 


0) Thevet is shut off end sytem 
returned to configuration at failure, 
If gmbi motors are off, they must be 
tumed on before starting this 
procedure . 


@® CMC SPS contro’ copobl tity lost. 


0) SCS auto AY lost. MTVC 
pomible if redundant BMAG 
ploced in RATE position. 


6) An open rate BMAG may be 
confirmed by null rote displays. 
SCS ball drive fost in axis unless 
alternate rate BMAG used. 
if YAW or ROLL: 

If BMAG 1, ofter .05G, SCS rol! 
ott erroneous. if BMAG 2, after 
-05 G, EMS RSI erroneous unless 
in RATE 1. Rate domping and 
SCS auto AV lost. For MTVC, 
vee alternate rate BMAG. 


SCS auto AV lost if pitch or yow. 
Hfroll, control attitude with 
Direct or ACCEL CMD, 


SCS auto AV capability lost. 


SCS RATE CMD, att hold, and 
proportional contro! lost for 
affected axis. SC auto AV lost 
if pitch or yow, Translations 
without att hold possible in MIN 
IMP. Further troubleshooting not 
recommended . 


Att hold capability lost in affected 
axis. SCS auto AV lost if pitch or 
yow . 

For affected axis: 

in ATT L RATE 2, att hold and att 
error display Tost, After .05 G, 
SCS FDA! roll ott erroneous if yow 
or roll, 
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Gac 


1 (Cont) 


31] Mon trim ck | 

YES 
GPI's at trim and 
steady ? 


NO 


DR ~ glternote 
servo loop 


GPi's drive to trim 
& steady? 


YES 


32 | Proportional ck 


@ Orig RHC cmd + 


& + (in axis) 


YES 


@ 


35. J MALFUNCTION 
IN CONT LOOP 
(ENG ON SIG 


REQUIRED FOR 
TROUBLE~ 
BSHOOTING) 


@ ROT CONT 
PWR NORM (orig 
RHC) - OFF 


GPI's drive to trim 
& steady? 


PROP CONT 
(P OR Y) 


FAILED HARDOVER 


MTVC or THC-CW 
Control mode ye a 
at failure? 


[45]. te GMBL 
OR- 1 


fel crea | 


@# SCS TVC (2) ~ 

» AUTO 

@ ROT CONTR PWR 
NORM } - AC/DC 

@ ROT CONTR PWR 
"NORM 2- A/C 

@ Confirm trim cont 
(pitch & yow) 


@ TVS GMBL 
DR- 2 


HARDOVER 


Trim response? 
OSCILLATING 


C8) 


SERVO RATE 
FEED BACK FAILED 


Basic Date 
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Auto drive ck 


@ SC CONT - CMC 
@ BMAG MODE 
(3) ~ RATE 2 
@ V37E 406 
@ ENTR ~ Proceed to 
FL VSO N25 
00204 
@ PRO 


+ Auto drive ck ok? 


Change Date 


33 | Alternate RHC 


@ Alternate RHC - | 
omd + & « fin i 
a ORIG RHC 


GPI response norme | 2} AILED OPEN 


DR - siternate @ 


servo loop 
@ RHC + cmd + he 


(in axis} 


GP response normal? 


CONT SUMMING 
AMP FAILED OPEN 


5 MIVC LOST 
FOR ORIG SERVO 
Loop 


PWR NORM ® 


{alternate RHC) - 


OFF PROP CONT 
AMP FAILED 


HARDOVER 


GP's drive to trim LNO 
and steady ? 


YES 


RHC PROP CONT 


FAILED HARDOVER 


o THC = Cw 
@ RHC NO, 2+ 


perform MIVC ck 


GMBL TRIM 
SYS FAILED © 
GMBL SERVO ff 
LOOP FAILED 


Page 


SCS proportiono! control end MIVE 
lost for fatied RHC, 


One probebie failure could be loss 
of MTVO integrator in which cove 
during MTVC te gimbal position 
directly follows the stick position 


SCS proportional contrat ond MTVC 
fost for both PHC, 


If THC - CW at time of failure, 
servo 42 being used, select servo fi. 


No MYVC capability. RATE CMD 
lost in affected axis. Att hold 
posible if RHC 's locked (or 
neutral} or ROT CONTR PWR 
NORM (2) - OFF. Disable 
affected axis if direct used 


MITVC and proportional cont 
available with unaffected RHC if 
affected RHC ROT CONT PWR 
NORM sw is OFF or RHC locked. 


CMC AV unaffected. On affected 
servo, SCS auto AV and trim lost, 
but MTVC without trim remains. 


Affected servo lost tor all AV's. 
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SYMPTOM PROCEDURE REMARKS 


G&C 
@) | 0) May be single or multi axis. 


2 3 
FDAL ATT | [i] FDAI toroiatt byes 1/2 [2 Abnormal error La] 
ERROR ABNORMAL dispicy normal? FDAI SEL ow? on FDAI 1? YES 


© FDAI SEL - 2 


FOAL SOURCE - 
{ NO NO {NO 
FDA TOTAL YES 


© FDAISEL- 1 


ATT DISPLAY! 
ABNORMAL na GE 2) or 2 (HF) 


7 
7 | FDOAI NO. 1 
ATT ERROR FAILED 


FDAI SEL orig at 1? 


i? | FDAI NO, 2 
ATT ERROR FAILED 


 FOAISEL~ 1 
@ FDA! SOURCE - 
GRC 


Display norma! ? 


RATE | operation from this BMAG 
may not be availoble. 


FOAI SOURCE sw? 
| ATT CMC 


4 
Le > 
® CMC attitude error, coorse align 


Diseble DAP 13 and SIV6 attitude control lost for 
| e V48E, V2IE, 06 {NO ERROR axis that showed abnormal in error 


SET 


PRO, PRO, PRO COUNTER FAILED counter check, 
VA6E 
@ FDAL SCALE + 5/5 
eo V37E OOF 
| @ Load error counters: 
VASE 
400250 
400333 
490333 


ES 


8 
| qi IMU Ls] Att ert ind null? [YES 


RGDC NO 


software problem. 
Reinitiglize and 
repeat condition 


Cycling ATT SET sw moy free 


© sticking relays. 


@ ATT SET w- 
id: 
Att error ind 
responds? 


Attitude error functions ore 
inoperative when FDA! SOURCE 
switch at ATT SET. 


8] ATT SET 
FUNCTION FAILED 


Failure of GDC enable relays will 
be determined by on inability to 
align GDC by GDC ALIGN pb, 


ENABLE RELAYS 
OR GDC EULER- 
TO-BODY CON- 
VERSION FAILED 


TO ATY SET 
ENABLE RELAY - 
VI7ABK 13, 14, 15 


2) SCS att set error display lost. tf 
ATT SET - IMU, attitude errors 
displayed will be Evier ongies. 


IMU function of ATT SET sw lost. 


| 22] @ ATT SET - 


GOC (if desired) 


o@ ATT SET - 


IMU (if desired) 


May be tingle or multiple axes. 


Attitude error display ond attitude 
hold capability lost. SCS outo 
AV lost if pitch or yow: for roll 
place MAN ATT ROLL - ACCEL 
CMD and control roll manually. 
Thigilure is No. 1 roll or yew 
BMAG ofter .05 G, No. 2 

FDAI roll ind will spin up. 


HARDOVER SELECTED RATE 


Both FDAI rate inds 
(affected axis} 
agree? 


a | FDAI RATE 
DISPLAY FAILURE 


FDAL RATE 
IND ABNORMAL 


Le | @ BMAG MODE 
(affected axis) - 
alternate rote source 


SELECTED RATE 
BMAG FAILED 
OPEN 


® If BMAG No. 2 failed: SCS auto 
AY lost unless in roll, then place 
BMAG MODE ROLL - ATT 1 
RATE 2 and LIM CYCLE = on (up). 
RET attitude hold available ina 
axes with BMAG MODE (3) - 
ATT 1 RATE 2 and LIM CYCLE 
on Wp). If rall or yaw BMAG 
No. T foiled, No. 2 FDAI roll 
ind erroneous after .05 G. 
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G&C 


[2] @ Ordeal FDA! 


@ Orig inertial 


FDAI TOTAL ‘ 
ATTITUDE sw (boih) inertial source source = alternate 
| DISPLAY active and aligned FOAL @ 
[ABNORMAL in plone? @ Alternate ordoc! 
Total att disiay FDAI pw - ORB 
noem ? RATE — 


Altemote tota! att 
display norm for 


5 | @Alternate 
ordeal FDA! 
pw ~ ORB RATE 


Altemate total att {NO 
display norm? 


YES 


Oo 


FOAL 
SELECT sw? 1 Gitar 2) SELECTED FDAI RESOLVER FAILED 
2 lit at 1) FAILED FOR ORIG FOAI 
72 - YES 
NO 


SOURCE - CMC 


Use gnbi angle 


disploy to @FDAI SEL - 2 
determine — 
abnormal FDAI No. 2 FDAI dispioy LYES 
9 
Abnormal motion on — 
FDA! No, 1? NO 
NO ©) © 


CIRCUITRY 
FAILED BETWEEN 
IMU AND FDAI'S 


8 | EULER MODE 
RELAY FAILED 
(DE~ENERGIZED) 


move by axis 
starting at 0, 0, 0 


@FDAI SEL - 1 at 


FDAI No, 1 display 
ieee © |~© 
YES h 


@BMAG MODE 


Go. 2 @ 


(3) giternate rote 
cape sate ©) 
(4) RHC ~emd mavr BMAG 
in affected axis seen 
= 0, 0, 0 LECTED 
fr | DANG: 2 YES FOR RATE rate in foiled axis 
FDAI response norm? FAILED 
“© 
2} Gc 
FAILED 


FDA! FAILS TO 
SLEW WITH 
ORDEAL 


FUNCTION 
FAILED 


SLEW 
FUNCTION 
FAILED 


Basic Date 17 July 1970 
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SYMPTOM PROCEDURE REMARKS 


For GDC FDAI totai ottitude, ff 
rate display (s) also hardever, enter 
“FOAL Rote Ind Abnornal' 
procedure, 


Assumes inertial reierence for 
orbital rote FDA! is aligned in 
plone, 


Use alternate FOAL for subsequent 
orbitel rate dispioys. 


Canfirm FDA! foilure by placing 
alternate inertial source on affected 
FDAI. Normal total attitude with 
alternate inertial source indicative 
of Golden G reioy failure. 


Any foilure of IMU itself would 
hove been indicated by 1S5 light. 


The FDAI can be aligned to 0, 0, 
0 by the GDC align pb. 


Attempt only single-axis maneuvers 
in order pitch, yow and toil. This 
failure has no effect after 05 G 
since Euler mode relays ore 
disebied. 


Assumes alternate rate source 
operabic. 


After 05 G, if BMAG NO, 1 fails 
in yaw or roll, FDA! Roll Att will 
be erroneous; if BMAG No, 2 fails 
in yow or roll, EMS RSI attitude 
will be erroneous uniess RATE 1 
selected, 


Entry capability can be determined 
from GDC FDAI roll ind and EMS 
RS! resorse when o yow maneuver 
is commanded with .05 G sw and 
EMS ROLL ow = on (up), 


Total attitude capability fost for 
affected axis. After 05 G, if 
failure axis is: 
YAW ~ EMS RSI invalid } 
ROLL ~ No, 2 FDAT roll ind 


invalid. 


Slew FDAI at slow rate, 


With on in-piane GOC alignment, 
FOAL pitch angle may be set by 
pressing GDC align pb and slewing 
pitch att sat tw. 
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SYMPTOM PROCEDURE REMARKS 


ec | 


‘3 May be single or multipie axes. 


¢ FDA TOTAL [1] Monitor FDAI 2] eo FDA! SEL - 2 
ATT DOES for resporise to or 2 ® Att set error displays stif) 
NOT RESPOND Yahlele motien e FDA! SOURCE - operational, 
TO GDC yes, | ATT SET 
ALIGN Response normal? @ ATT SET ~ GDC ® GDC con be aligned to an arbi+ 


trary position by 

a. Fly CSM to indicated attitude 
to which GDC is to be 
aligned. 

b. Disable GDC. 

c. Fly CSM to orescribed inertia! 
attitude (ster or visual 
reference), 

d. Rerenable GDC. 


FDA} indicates att 
error in axis? 


GDC ALIGN 
ATT SET ENABLE 
FUNCTION LOST 


| FDA! TOTAL ATT 
DISPLAY ABNORMAL 


GPI/FUEL PRESS | NO {2 | ‘One pitch (fuel) |i ind usage for IG 
IND(S) PEGGED OR pair) pegged or and one yaw (oxid) fuel? DISPLAY FAILED 
ZERO | zero? abnormal ? 
6739 
YES YES 
| ; (@) Total ottitude, attitude error 
& rate display lost for 1 FDAI. 


5 | LOSS OF ONE 
PRESS DISPLAY 


EDA 15 VDC 


Check GPI operation during first 


gimbol drive and trim check. 


PWR SUPPLY 
| # FAILURE 


[a] GPI problem 


NO CMC Occurred during [YES 
occurred during ? CMC trim test? [ifs] 
MIVC or NO ABNORMAL VEHICLE 
| THC-CW DYNAMICS DURING 


| SPS THRUSTING 
La fie] mm 


ABNORMAL VEHICLE ABNORMAL VEHICLE 
DYNAMICS DURING DYNAMICS DURING 
SPS THRUSTING (3) SPS THRUSTING @ Utilize MSFN to monitor tonk 


press. 


fio | TANK PRESS 
SiG CONDITION- 
ING FAILURE 


[| Are all four ind [YES 
pegged or zero? 


NO 


| ABNORMAL 


oe) BMAG rete information relatively 
unaffected by temperature out-of- 
tolerance. However attitude error 


BMAG FAILED 
UNDERTEMP 


© BMAG PWR ~ ON 
{Affected BMAG. 
BMAG It on and 
stays on 
continuously ? 


information degrades ~4% per 
degree out of tolerance, 


PWR = OFF 
(Affected BMAG) 


Temp It goes out? 


NO 


Yellow It on if temp 
<168 
>172 | 


Time that the BMAG TEMP It is 
off is an indication of the temper- 
oture rate increase and period of 
accuracy for subsequent BMAG 
use. 


@ BMAG PWR ~ 
OFF (Affected 
BMAG). Turn on 
offected BMAG 
30 min prior to use 


5 
3 BMAG FAILED 
OVERTEMP 


C/W FAILURE 
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‘SCS 


ABNORMAL 
VEHICLE 

DYNAMICS (NON- 
SPS THRUSTING 
LM ~ [INACTIVE 


Basic Date 


2 | isoleve direct 


Pe AUTORCS Hore | 
ON fos required! | 
e MAN ATT ~ ACCEL | 
CMD (in axis! i 
@ Counter CSM rates | 
@ ROT CONTR PWR | 


@ ROT CONTR | 

PWR DIR footh} - 

MNA/MNE 

@ Counrer COM rat 

@ AUTO RCS (16) - 
OFF jas required) 


Stabilize CSM 
4 (within max DIR (both) - OFF 
deodband) @ ob SCS DIR ULL 
(2) ~ open 


RHC - neutral 
id =— © Stabilize CSM 


fog ig LLYES @ RACs = neutral 
t Rotes huiidue? © AUTO RCE > OFF 
No fin axis} 


@ THC - neutral 
@ AUTO RCS = MNAI 
(MNB) one jet at 
a time then OFF 


5 
Undesired rates or wes 
acceleration ? 


NO 


Ci controtied LMC 218) maneuver 


commanded? 


YES 


NO 


1} drifts out of [YES 
deodband? 


Failure occurred| MNVR With’ RHC or [RHC 
during? THC? 
THC 


ATTITUDE 
HOLD 


Bo 
ABNORMAL 
DYNAMICS. 


DURING 
TRANSLATION 


17 | with ACCEL LES 
CMD? 


‘ti 


$cs 


[=] 35} 


CSM DRIFTS OUT 
OF DEADBAND 


= Drifts out of YES 


deodband ? 
NO 


20| Oscillating and [ scs | 
{29 diverging limit 

cycle? [eo [+] 
VEHICLE DYNAMICS 
OSCILLATING & 
DIVERGING 


17 July 1970 


HOT SHORT IN 
DIRECT SYSTEM 


DIRECT RCS TROUBLE- 
SHOOTING ROUTINE 


6 | CSM controlled |CMC 
by? 


SCS 


NO 


By CMC? 


scs 


YES 


NO 


Hi 
4 | sotate affected 


@ Proint isoi vive « 
off (axis of 
rotation) 

ROLL - git 
PITCH - A&C 
YAW ~ B&D 

@ Turn prpint isol 
vive on singly to 
determine if 
failure is 
isolatable 


! G&N 


LJ 


RCS FAILED ON 


{ses 


wot 


RCS FAILED ON 


o) Abnormal dynamics is defined 
to mean undesired rates or 
occeleration: auring uncom ~ 
monded maneuvers or cdnorme 
response during commanded 
foneuvers 


Auto RCS switches for all jets on 
affected quad should be pieced 
to off position before quad 
isolation. 


@ 


CSM should be stabilized within 
the attitude deadband (if in an 
attitude hold mode) to preclude 
normal jet firings resulting from 
being outside rate or attitude 
deodbands 


RHC TROUBLE- 


SHOOTING 
ROUTINE 
YES 


G&N 


CMC AUTO 


TROUBLESHOOTING 
ROUTINE 


SHOOTING 
ROUTINE 


MIN IP CONT 
TROUBLESHOOTING 
ROUTINE 


MIN IMP TROUBLE- 


SHOOTING ROUTINE 


EF] 


NO ACCEL CMD 


TROUBLESHOOTING 


ROUTINE 


19) in rate cmo? PYES 


Ha 


NO RATE CMD 


TROUBLESHOOTING 


ROUTINE 


Ls | 


DIRECT RCS 


TROUBLESHOOTING 


ROUTINE 


Change Date 


Page 


THC TROUBLE~ 


@ Would occur in FREE mode only. 
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scs UO 


| G) (2) C) it aiture is io roll oF yow ater 


oe 


O 


0.05G, GDC driven ball wil! spin 


| 7 
RCS FAILED ON MAR ATES ye RHC's= neutrol | f FAILED HARDOVER 
Lo © FOAI SEL- | 
ACCEL MAIN fe BMAG MODE~ | 
CMD : 


Attitude hold lost in affected axis, 
SES outo AV lost if piteh or yaw. 
if roli, control attitude by direct 

er ACCEL CMD, 


@) BMAG No. 2 hordover will couse 
FDAI No. 2 total attitude to drive 
randomly in Euler modes. 


YES | 9 JCMC trouble- anus 


shooting contig FAILED ON 
@ AUTO RCS We 
@ ROT CONTR PWR I YES (in effected axis) ~ 


Ago ‘Aor B then OFF 


@ CMC pwr up if reg 
| = sc cont’ one W 
CMC MODE - 
* Ree No [2] @ Isolate failed 


@ MAN ATT (3) ~ jet by appropriate 
| RATE CMD AUTO RCS 


© Affected thruster lost for all auto 
coll operation. Direct mode 
unaffected, 


@ TRANS CONTR switching 
PWR ~ on (up) 

@ THC » neptral 

@ Vil NIGE STE 

Record Ri 

| 17777 in RI? 


NO 


| iste WHET son ck 


‘) Direct sws in affected RHC still 
fonctional. Affected RHC lost for 
SCS and G/N attitude control, if 
RHC 2, swap RHC 1 to CDRs 


Retation ie ROT CONTR PWR @ ROT CONTR PWR siti ‘i e RHC 2 off, For 
TIT =r ROT NORM 2 - OFF NORM I ~: OFF avs Fuse tHe 2 to CDRs 
| 17757 4R je ROT CONTR PWR @ ROT CONTR PWR position and leave in AC only. 

W767 -¥ NORM | - AC/DC NORM 2 = AC/DC) 
W773 4+¥ Z NO 
775 
V777& +P 
Tronsiatior: 
13777 +Z 
15777 4% 

I 16777, -¥ 
WoT 4y¥ RHC #2 - RHC #1 ~ 
175770 =X B/O SHORT 8/0 SHORT 
17677 +X 

TRANS 


@ ROT CONTR 
NORM (operable 
RHC) ~ AC/DC 
(Failed = RHC) - AC 


[20] THC 41 Short ek 


@ cb SCS CONTR/ 
AUTO MNB = 
close 

@ cb 8CS CONTR/ 
AUTO MINA + open 


V7777 in RVD 


YES 


19 | THC #2 Short ck 


fo: | Troubleshooting 
configuration 


@ SC CONT - SCS 

@ MAN ATT = 
ACCEL CMD (in 
Oxis) 

@ AUTO RCS = 
on sequentially 
(in axis) then OFF 


More than T jet 
fires? 


ves 


THC NO. 2 
TRANSL SWITCHES 


THC NO. 1 
TRANSL SWITCHES © Still have translation capability 
through redundant switches in 

THC, Select operable enable bus 
with AUTO RCS, 


cb $CS CONTR 
AUTO MNA or B - 
open to shorted THC 


@ MAN ATT ~ RATE CMD (in 


® ACCEL CMD lost in pitch or yaw, 


ACCEL CMD lost for that jet. 


@) AIL SCS RCS (outo coils) lost for 
offected axis, Disable affected 
jets with AUTO RCS ows and use 
direct, 


SCS auto RCS coil modes lost for 


affected jet. If affected jet is in 
roll, boss of either +Y or Z trans 
lotion, If affected jet is in piteh 
or yaw loss of 4 jet + or =X trans, 


MIN IMP (in axis) axis) 
@ AUTO RUS - @ AUTO RCS - 


‘on (in axis) then 


OFF 


2s | ORI VER LOGIC 
SHORT 


(Q3 or Q9) 


on sequentially 
Tin axis) then OFF [28 DRIVER LOGIC 
FAILED OPEN 


(CR23 oF 24) 


Jets fire? 


[2 ECA MIN IMP 


LOGIC SHORT 
(Q25 or Q21 or 
BUFFER AMP (ROLL) 


j20 | DRIVER LOGIC 
FAILED OPEN 
(CR64 or CROS) 


SM~2A~1944E 
Basic Date_17 July 1970 Change Date Page _ 5-61 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


Rk hE LI ha tt ON ef 


APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


SCS 


1 Cort 


Basic Date 


Troubleshooting 
| configuration 
@ SC CONT $ 
| @ MAN ATT- ACCEL 
CMD (in axis) 
© TRANS CONTR 


PWR ~ OFF 
@ ROT CONTR PWR MIN IMP (in 
axis) 


NORM (both) - 2 
OFF @ AUTO RCS ~ on 


isolate trouble 


AUTO RCS - on | YES Mere than lier [Yes then OFF (in axis) ee 
in,axis offected firing? aa 


then OFF 


Jets fire? NO ® 


NO 


ORIVER LOGIC 
SHORT (Q3 or’ QY) 


© 5C CONT - 


RATE CMD {in 
axis) i 

® AUTO RCS = on 

then OFF (in axis) 


@ CMC MODE ~ 
FREE 


® AUTO RCS - on 
YES then OFF (in exis) | peiee 
Jet fires? FAILED ON 
(4) 8 


40} DRIVER LOGIC 
FAILED OPEN 
(CREA or CR65) 


39 

| 39) DRIVER LOGIC 
FAILED OPEN 
(CR23 or CR24) 


[47 TRHC 142 short ck 


@ ROT CONTR PWR 
NORM | ~ AC/DC 


@ AUTO RCS - on 
then OFF {in axis) 


Jets fire? 
NC 


RHC NO. 1 
B8/O SHORT 


43} ROT CONTR 


PWR NORM 1 ~ 

off C9) 
@ RHC PYR NORM 

2- AC/DC @ ROT CONTR 


© AUTO RCS ~ on 
then OFF (in axis) 


NO 


PWR NORM (both) - 
AC/DC (usable 

RHC) AC (unusable) 
RHC) 


8/O SHORT 


@ TRANS CONTR 
PWR = on (up 

aco SCS CONTR 
AUTO MNB - 
open 

« AUTO RCS = on 
then OFF (in axis) 


SHORTED THC 
NO. 1 TRANSL 
SWITCHES 


CONTR AUTO 
MNA or MNB ~ 
Qpen to shorted 
THC 


He | SHORTED THC 
NO. 2 TRANSL 
SWITCHES 
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Page 


Ali SCS RCS toute coils) iost for 
otected axis. Disoble affected 
jets with AUTO RCS ows and use 
direct controf, 


(2) ACCEL CMD lost in pitch or yaw. 
Use alternate quod pair for rol}. 


This jet fost for al! SCS & G/N 
control modes. Disable jet with 
AUTO RCS sws and use direct 
control, 


® ACCEL CMD lost for this jet. 


SCS AUTO RCS coil modes lost for 
affected jet. {f offected jet is in 
toll toss of either tY or Z trans. 
If affected jet is in pitch or yow, 
loss of 4 jet + or -X trans. 


Direct sws in affected RHC still 
functional, Affected RHC lost for 
SCS and G/N artitude control. 

ff RHC 2, swap RHC I to CDRs 
position and leave RHC 2 off. For 
AV's replace RHC 2 to COR's 
position and leave in AC only. 


Still have translation capobility 
through redundant sws in THC, 
Select operable enable bus with 
AUTO RCS, 
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sheoting contig 


@ CMC pee up if 
reqd 
@ CMC MOCE - 


ERE 

@ SC CONT - CMC 

@ ROT CONTR PWR 
NORM (both) ~ 
A 

@ MAN ATT (3) - 
RATE CMD 

@ TRANS CONTR 
PWR - on (yp 

@ THC & RHC - 
neytra! 

@ VIE NIOE, JIE 


V7777 in RY? 


je AUTO RCS (in 
axis) - MNA or 
MNS then QFE 


jet by appropricte 
AUTO RCS witching 


® SC CONT - $¢s 

© BMAG MODE (3) - 
RATE 2 

e MAN ATT - RATE CMD 

@ ROT CONTR PWR i 
NORM (both) « AG‘DC 

@ TRANS “ONTR PWR ~ 


3 REE wc - neutral 


@ AUTO RCS - on fin 
axis affected) then OFF 


AUTO MNB ~ closed 
ecb SCS CONTR AUTO 
MNA - open 
@ AUTO RCS ~MNB then 
OFF pals) 


MIN IMP (in axis) 
© AUTO RCS ~ MNB | 
then OFF 


ecb SCS CONTR 
AUTO MNE - 


oer 


NO. 1 TRANSL 
SWITCHES 


@ SCS CONT - SCS 
@ AUTO RCS - on 
tially (in 
axis) then OFF 


B FAILED OPEN 
(CRS4 or CRES) 


f SHORTED THC 
NO, 1 TRANSL 
SWITCH 


SHORTED THC § 


NO. 2 TRANSL 
SWITCHES 


CONTR AUTO 
MNA or MNS ~ 


AAIN_IMP (in 
axis) 

# AUTO RCS ~ on 
ther OFF {in oxis) 


@ ECA RATE CMD 
LOOP FAILED 
f HARDOVER 


B FAILED OPEN 
B (CREs oF CRO5) 


lsolote jet by 
appropriate AUTO 
RCS switching 


w SHORTED THC 
NO. 2 TRANSL 
SWITCH 


@ CB SCS 
CONTR AUTO 
MINA or MNB ~ 
open to shorted 


LOOP FAILED 
HARDOVER 


LOGIC SHORT 
(Q25 or Q21) or 
BUFFER AMP (ROLL) 


ECA MIN IMP 


LOGIC SHORT 
(Q25 or Q21) of 
BUFFER AMP (ROLL) 


eb SCS CONTR 
AUTO MNA + 
closed 


SYMPTOM PROCEDURE REMARKS 


Still have transistion capability 
through redundant prs in THC, 
Select operable enable bus with 
AUTO RCS, 


All SCS RCS (auto colls) lost for 
affected axis, Disable affected jets 
with AUTO RCS ows and une direct 
control. 


This jet lost for SCS & G&N contro! 
modes. Use direct control in 
affected axis. 


SCS AUTO RCS coil modes icst for 
offected jet. if offected jet Is in 
roll loss of either +Y or Z trans. 

If affected jet is in pitch or yaw 
loss of 4 jet + or =X trons, 


@) SCS RATE CMD, attinade hoid & 
prop cont lost for offected jet. 
SCS oute AV iost if pitch or yow 
but operable in roll in ACCEL 
CMD. Transiotion without ottitude 
hold possible in MIN IMP or ACCEL 
CMD, 


Still hove translation capability 
through redundont ews in THC, 
Select operoble enable bus with 


AUTO RCS, 
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‘ 


2 | ACCEL CMO Pie ee CME trouble- 
j MO avaiiabie 7 Noting cor 
| TROUBLE =. 5 LS ere en eee a : 


oublesha: ; 
SHOOTING | far traubleshoating? ¢ CMC-owrug ii 


ROUTINE i | 


ree 
e CMC MODE - 
P FREE qd) 
lakanmant a Lose ACCEL CMO capability wit 
a ITN 
Alt RHC i 7 aciyy ROS one RHC in affected axis, Use 
i {check i “AR GATE" . AUT eaaae alternate RHC. 
# SCS CONT - SCS FAILED OPEN 19737 oes! 
jo MAN ATT (3)- | (CRA1 OR 42) 17757 +ROLL AM RIS 
| ACCEL CMD | BOTH 17787 -YAW Acioc 
je RHC PWR NORM i 17773 + YAW Aare ak 
{both} - AC/DC 16 J Orig RHC 17775 -PITCH fu} 
© AUTO RCS - in check 17776 +PITCH © MAN ATT (3) - 
© Ait RHC- cmd CMD NG Seana @® Attitude hold unaftected but 
+ & - (in axis) BOTH|® Orig RHC - cmd (2) proportional control, ACCEL 
Motion directions? +8 welt) one RHE BIO CMD, MIN IMP & CMC 
NONE J ONE Motion directions? SW FAILED OPEN manual control lost for failed 
RHC. Direct unaffected but 
| 26 nm 3 BMAG caging signal jost. 
10} B/O LOGIC Aftected RHC can be used for 
BG Ay 
ROLLIE Iattected axis? jemdan Were all four [WES FAILED OPEN MT VC! 
| jets enabled? (Q9 OR O3) 
NO G3) One direction of rotation lost for 
a NO ACCEL CMD in pitch, yaw, A/C 
SUSPECTED P or ¥ (12° Troubleshoot Por Y 13 Check opposite pair roli or B/D roll. 
REDUCED RCS by Affected axis? * AUTO RCS PITCH A4 & C3 - @AUTO RCS PITCH Ad & C3 - 
AUTHORITY (YAW D3 & B4) - OFF NO (YAW 03 & B4) - MNA or B 
* AUTO RCS PITCH A3 & C4 - e@AUTO'RCS PITCH A3 & C4- 
(YAW 03 & B4) - MNA or B (YAW B3 & D4) - OFF 
: @ RHC -cmd + &- (in axis} @RHC - cmd + & - 
Troubleshoot Motion both directions? 
Fsuspect chan B/D FYES YES 
(A/C) 
@ AUTO RCS- AIC : 7] «AUTO RCS | 
ROLL 4 (B/D Cheek opposite r PITCH A4& C3 - 
ROLL 4) - OFF Bair (YAW D3 & Ba) - 
* AUTO RCS-B/N | |e AUTO RES OFF @ Accet CMD mode iost for 
| ROLL BI & B2 ‘a PITCH A4& C3 - . a a oa affected jet. Other SCS & G/N 
(A/C ROLL AT (YAW D3 & BA) - AILED PI : modes available. 
A2)-MNA oF MNA or B ee (YAW B3 & D4) 
MNB e AUTO RCS ! OPEN CR67 SHORT, MNA or B 
is ‘AUTO RCS - B/D PITCH A3 & C4- e SC CONT -Scs 
| ROLL D1 & 02 i (YAW B3 & D4)- @ MAN ATT- RATE 
(a ac natt ci | | OFF CMD (in axis) 
- OFF | « SC CONT - SCS © RHC - cmd +&- 
| &: ® MAN ATT - RATE {in axis) 
[Motion directions? CMD (in axis) Motion both 
| @RHC- -emd + & - directions? @) This jet lost for all SCS & G&N 


Motion both 
directions? 


contrat modes (auto coil). Direct 
control available. 


Check orig jet 

pair 

® AUTO RCS - B/D 
ROLL B1 & B2 
(A/C ROLL A1& 


19} Check ait jet 
pair 
* AUTO RCS- B/D 
ROLL B1& B2 


pair 
|* AUTO RCS - B/D 
3 ROLLBI&B2. | 


B/O LOGIC ae (A/C ROLL AT & 


| FAILED OPEN AQ) - OFF BOTH) A2)-MNA or MNB 
oe ik ae an aa) * AUTO RCS - B/D © AUTO RCS - B/E 
Ree ere ROLL D1 & 02 ROLL D1 & D2 
| ROLL DI & D2 (A/C ROLL C1& (A/C ROLL C1& 
Ta caBcene C2) - MNA of MNB C2) - OFF 
MNI 
C2) - MNA or MNB DRIVER emo & Seema 
| @RHC-cmd+ &- FAILED OFF RATE CMD 
BOTH TONE ©) ACCEL CMO lost for affected 


axis. RATE CMD, MIN IMP, 
CMC & direct modes available. 


INHIBIT LOGIC 
FAILED (02} 


Repeat above 
Steps tor alternate 
quad pair 


LOGIC FAILED 
CR22 OR 26 OPEN 
CRE? SHORT 
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SYMPTOM PROCEDURE 


1 a @ 


(2) 


a Orig symptom = yes 
unexpected rete: or 
accel due to jet(s) | 


Original RHC 
peop cont check 


3 Cross coupi- NO 
ing between axes? 
@ AUTO RCS - 
MNA or MNES 
(in axis} 
@ ROT CONTR 
PWR NORM ~ 
AGLOC (origina! 
RHC) 
@ RATE HIGH 
@ Original RAT - 
G) (moll mnvr) and 
a 


tds lin axis) 


Firings? | YES 
NO 


Motion in one 
direction only? 


translation? 


[s ] CMC available fyes 
for troubleshooting? 
NO 


VEHICLE DYNAMICS 
OSCILLATING & 
DIVERGING 


10 | @ ROT CONTR 
PWR NORM | ~ OFF 


V7777 in RV? 


@ Verify 1 readout 
7737 ROLL 12 
177357 +ROLL 
17767 ~YAW 
17773 +VAW 
17775 PITCH 
17776 PITCH 


Ri corvect? 


RKC NO. 1 
8/0 SHORT 


NO 
ORIGINAL 
RHC -8/O OPEN 


[ 16 ]Atternate RHC ck 
© Aiternate RHC 
omd + & ~ 
{in axis 


@ Verify RI 


ALTERNATE 
RHC 8/O OPEN ; 


R1 correct? 


YES 


ATT HOLD 


original confi 

© Alternate ie - 
cmd + & - (in 
affected axis) 


=BHAG MODE - 
NO ATTI/RATE 2(in axis)! 


[22] Verify 


| 24] CSM drifts out LYES 
of the deadband’? 


NO (0) 


26} RHC DC AMP 
OPEN 


INITIATION 
OF MNVR 
[2] rie [a [aienae ee] 
Secures suring? @ ROT CONTR PWR pees 
HOt ace 
HOLD A ( 
OR @ AUTO'RCS (16) - affected oxis) 
ad El rained 
© Alternate RHC - cmd = 


+ & ~(in affected oxis) 


NO 
(1) 


yes [33] CSM drifts out [NO RHC DC AMP 
of the deadband ? OPEN 


Change Date 


Problem occurrad|MNVR 21 ORIGINAL 
during? 
DEMOD OPEN 


Alternate RHC 
prop com check 


@ ROT CONTR 
PAR NORM 
(oiternate) ~ 
AGLOC 1 

o ROT CONTR 


PWR NORM 
(orig) - OFF 

@ Alternate RHC ~ 
cond + & = (mal! 
maneuver in axis) 


Motion in one 
direction only? 


PROP CONT 
XDUCER FAILED 
HARDOVER 


PROP CONT 
AMPL FAILED 
HARDOVER 


PWR NORM 
AC/DC 
Wnafected RHC) 

@ ROT CONTR PWR 

NORM - AC 

(affected RHC) 


[18 Use unaffected 
RMC for manual 
maneuvers 


RHC XDUCER OR 


RHC XDUCER OR 
DEMOD OPEN 


32 


RHC 8/O SWITCH 
OPEN 


Page 
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REMARKS 


Assumes fyi! thusrer opera jo: 
except in roll 


Assumes RCS thrusters fot) om 
where identified in the "A 
Bow 


Failure causes trensia.on when s/o 
hor om given, Att ude mold i ce 
CMO & MIN IMP lost in one dire - 
tion tor uttected axis (pitch, yor 
A/C roll, B/D roll). Transiet 
without attitude hold pomible w > 
MAN ATY © MIN IMP 


For PROP CONT AMP iviled 
horoower, MTVC and RATE CMD 
fost in affected axis, Attitude holo 
posible if RHC's locked (or 
neutral) or if ROT CONTR PWR 
NORM (both) - OFF. Disabie 
theysters in affected axis if 

direct used. 


Direct ows ir, affected RHC stil! 
functional, One RHC fost; howe. er 
RATE CMD mode in foiled RHC 

still possible when breakout meitcies 
closed in same axis by operable 
RHC, MTVC ok when ROT 

CONTR PWR NORM (offected RHC’ 
is of AC 


Attitude hold unaffected but prop 
cont, ACCEL CMD, MIN IMP & 
CMC mon cont lost for failed RHC. 
Direct unaffected but BMAG 
caging signe! lost. Affected RHC 
can be used for MTVC, 


SCS prop cont & MIVG lost for 
failed RHC. 


For affected axis: In ATT 1 
RATE 2, ott hold & ott error 
display lost. 5CS auto AV 
possible if roll , by controlling 
attitude manually, After .05 G, 
SCS FDA! roll attitude erroneous 
if yow or roll. 


Attitude hold capability lost in 
affected axis, SCS auto AV lost 
if pitch or yow, but possible if 
roll by placing MAN ATT ROLL ~ 
ACCEL CMD. 


SCS prop cont & MTVC last for 
both RHCs. 
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CSM DRIFTS 
OUT OF 
DEADBAND 


APOLLO OPERATIONS HANDBOOK 


PROCEDURE 


FDAI No. 2 


@ Stobilize CSM] 
with DIRECT GF 
necewary) 

@ ATT UBD = MAX 

@ FOAL SEL ~ 2 
FDAI SCALE = 5/1 
AUTO RCS - MNA 
or MNB (in axis 

eo RHO > cmd + & ~ 


{in affected axis} 


directions ? 


@ AUTO RCS A/C ROLL 
(4) = MINA or MNB 

© AUTO RES BAS KOU 
(4 - OFF 

@ MANATY ROLL-MIN | 


attitude error 
check 


Verify 
© BMAG MODE - 
ATT IRATE 2 


in axis) 


Att error ind 
remains ot null ? 


| 37] ATT LOOP 
FAILED OPEN 


@ ROT CONTR 
PWR NORM 
tooth) + OFF 


@ ROT CONTR 


Att error ind incr? 


Att error ind null? 


B42) RHE NO. 2 
B/O SHORT 


TOTAL ERROR 


@ MAN ATT ~ MIN AMP OR 
IMP — SWITCHING AMP 


oe RHC - cmd + & - FAILED OPEN 


@ AUTO RCS A/C 
ROLL (4) - OFF 
® AUTO RCS B/D 


4] RHC NO. 1 


@ ROT CONTR 
PWR NORM ~ AC 
(offected RHC) 

@ ROT CONTR PWR 
NORM - AC/OC 
(unaffected RHC) 


ACCEL CMD (in 
AcrEL CMe 


REMARKS 


@) Attitude hold capability lost in 
affected axit, SCS auto AY lost if 
pitch o yaw, but possible if roll by 
piacing MAN ATT ROLL - ACCEL 
CMD. 


For affected axis: in ATT } 
RATE 2, att hold & att error 
display lost, SCS aute 4V 
possible if roll, by controlling 
att manually. After .05 G, 
SCS FDAI roll attitude erroneous 
if yow or roll, 


Direct sws in affected RHC stil! 
functional. One RHC lost; how 
ever, RATE CMD mode in failed 
RHC still possible when breakout 
switches closed in same axis by 
operable RHC. MTVC ok wher 
ROT CONTR PWR NORM 
(effected RHC) is at AC. 


All RATE CMD & attitude hold 
capability lost for cifected axis. 
Translation possible with MAN 
ATT ow in RATE CMD & attitude 
contro! in affected axis by direct 
or MIN IMP, 


Lose oil SCS modes except ACCEL 
CMD, No Translation on affected 
axis, Direct contro! availoble. 


ROLL (4) - MNA or MNB 
@ RHC = amd + & = (in roll 


One polarity iost in RATE CMD & 


MIN IMP. Translation capability 


TOTAL ERROR remains but attitude hold jost, 


SWITCHING AMP 
FAILED OPEN 


33 MAN ATT 
ROLL - ACCEL CMD! 
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SM2A-03~BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE ; REMARKS 
Place: fleur 


@ ALTO RCS (16) - 


RHC NO. 1 
8/O SHORT 


0) Lose prop cont ACCEL CMD, 
MIN IMP & CMC MAN CONT 
for foiled RHC. Direct unaffected 
ORIGINAL ® : 
Sh but BMAG caging signal jos. 
+ & = (in oxy RHC B/O FAILED Affected RHC can be used for MIVC, 


o Verify RI readout OPEN ‘ 
“ROLL = 17737 Attitude hold unaffected . 


; +ROLL = 17757 
ineutes ~YAW = 17767 
oo MAN ATH (in +¥YAW = 17773 


tnt) ~ ACCEL [ane cnc] 
CMD Tums ween 17778 ES ieee [0] He No. 2 
o RAT pwr NORM @ ROT CONTR PWR B/O SHORT 


(both) - AC NORM | ~ OFF 
e@ AUTO Ri @ AUTO RCS Tin 
(in eutis) « MNA or axis) - MNA or 
NB then OFF MINE then OFF Direct aw's in affected RHC still 


functional. Affected RHC lost for 

SCS and G/N attitude control. If 

RHC 2 swap RHC | to CDR's position 
PWR NORM ~ AC ond leave RHC 2 off. For AV's 
(affected RHC) reploce RHC 2 to CDR's position 


ROT CONTR PWR ji 
[12 RHC NO. 1 * NORM = AC/DC ond leave in AC only. 
8/0 SHORT (vascble RAC) 


(3) Low of MIN IMP cont in one 
ACCEL CMD direction of affected axis. RATE 
@ Origine CMD & ACCEL CMD still ovail- 


original confi; cmd + & - 6] ECA MIN IMP fe. BMAG cage function stit! 
0 RAN AMT r ccs LOGIC OPEN oe sl 


YES tional. 
MIN_IMP (CREO OR CREI) epererions: 
NO 


© Alternate RHC ~ O 
13 | ORIGINAL RHC 
B/O OPEN 
is) Lose MIN IMP in both directions 


Rates build up? Rates build up? 


ond +& ~ 
of affected axis. RATE CMD & 


ib ifeble. 
directions i 120] sain ime cxt ACCEL CMD still avnitable 


FAILED (QZ2 


ala iia os Ec 
NO 
[21] i NO (5) RATE CMD ond MIN IMP lost 
a testes axis for affected axis (pitch, yow, 
r A/C roll or B/D roll). SCS 
DRIVER LOGIC translation capability from offected 


FAILED thrusters lost except by DIR ULL 
y : 
(Q1 SHORT) ACCEL CMD ond G/N modes 
unaffected . 


[23] (6) @) Min engine on time protection lost 
AL A/C (B/D) for RATE CMD & ACCEL CMD. 


roll jets enabled? ROLL ~ RATE CMD 
@ RHC - cmd + & - 125] MIN IMP Lose MIN. IMP in one direction of 
NO BOTH ff CKT FAILED affected axis. RATE CMD & 


(Q24 OR 25 OPEN) ACCEL CMD availoble. Trons- 


lation unaffected . 


Lose MIN IMP & RATE CMD in 
one direction of rofl axis. 


ONE 
O® 


ACCEL CMD available. Roll 
26} surren ane attitude hold lost. SCS auto 
AV unaffected but control roll 


attitude manually with ACCEL 
CMO. 


Enable opposite 
poir of jets 


@ ALTO RC. = ent 


ite pr of jets 
ier Ey ee 
al ae) 
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SYMPTOM 


SUSPECTED 
REDUCED RCS 
AUTHORITY 


Basic Date 


\ 


17 July 1970 


APOLLO OPERATIONS HANDBOOK 


PROCEDURE REMARKS 


fe) 
[i] oie Fem 


@ MAN ATT ~ 
ACCEL CMD 
{in axis) 

j@ AUTO RCS PITCH 
A3, Ad (YAW 83, 
M)'= OFF 

@ RHC - cmd + & ~ 


(in onis 


poir 


@ AUTO RCS PITCH 
C3, C4 (YAW D3, 
D4) - OFF 

© AUTO RES PITCH 
Al, A4 (YAW B3, 
B4) - MNA or 
MNB 

@ RHC ~ ond + & ~ 
(in axis. 


Motion directions? 


NO 


BOTH 


@) 
DRIVER 


FAILED OFF 


Enable roll jets 
ASE (B/D) ONE 
@ AUTO RCS 
ROLL (4) A or 
(8/D) = MNA or 
MNBOOT 


o RAC - cmd + & ~ 


BOTH 


@ MAN ATT 
RATE CMD - 


(in axis) 
@ RHC ~ cmd + & ~ 


ONE 


22 BUFFER AMP. 
OPEN 


0 AUTO RCS ~ 


original confi 
e MAN Toe 
ACCEL CMD 


(in axis) 


@ RHC - emd + & ~ 


Motion directions? 


[40] Enable 2 roll 
jets on | quad 


@ AUTO RCS 
A/C ROLL AI 
& A2~ MNA or 
MNB 

o RAC = cmd + & = 
{in rol 


Motion directions? 


BOTH 


[41 ]e MAN att 


ROLL - ACCEL 


CMD 
@ RHE ~ cmd + & - 
{in roll) 


Motion directions? 


ONE 


NONE FAILED OFF 


DRIVER LOGIC 
SHORT (Q1) 


Change Date 


Motion directions? 


(2) 


BOTH 


BOTH 


DRIVER LOGIE 
FAILED ~ (CR63 OR 
67 OPEN) 


CKT FAILED 
(Q24 OR 25 OPEN) 


DRIVER LOGIC 
FAILED 
(CR63 OR 67 OPEN) 


Page 


3) This jet lost for oll SCS & G/N 
control modes. Direct mode of 
operation availoble. 


Lose RATE CMD & MIN IMP 
modes. ACCEL CMD still available. 


Lose MIN IMP in one direction of 
offected axis. RATE CMD & 
ACCEL CMD aveilable. Tronsiotion 
uneffected. 


Lose MIN IMP & RATE CMD in 
one direction of roll axis. 


ACCEL CMD available. 


@) RATE CMD and MIN IMP lost 
tor affected axis (pitch, yaw, 
A/C roll or B/D roll), SCS 
translation capability from 
affected thrusters lost except by 
DIR ULL.” ACCEL CMD and 
G&N modes unaffected. 
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APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


“Ss 
DMECT RCS | 


5 


[1] @ Verify that 


TROUBLESHOOTIN' | ROT CONTR 


PWR DIR i . ae 
ROUTINE | aRUMRE meer ROT CONTR PWR () © Direct operation with origina! 
| Fon Tor RHE being NO OIR - MNA/MNB RHC rewits in reduced 
(ned for © Cmd motion in i nies Rial authority in offected axis 
| affected axis A through redundont twitch 
} » Sovmmonded RHC DIRECT 
PIS SWITCH FAILED 
MNA or MNB Oren 
Tor required) NO 


Was problem jet 
| firing? 


YES 


4 J omect rcs 
CKT FAILURE 


RHE NO, 1 
DIRECT SHORT 
{both sets of 
redundant ws in 
axis 


® Direct operction with affe:ted 
RHC lost 


RHC No, | Cheek [e] @ cb SCS 


© cb SCS CONTR hea U ene 
7 DIR (2)= open | ves seat set 


@ ROT CONTR 


PWR DIR | ~ YES 


MNA/MNB 
e cb SCS CONTR 
1 DIR MNA ~ 
glove 
Jet fires? 


Direct operation w th <eo No. | 


functional through redundent set 


CONTR PWR DIR 


1 = MNA/MNE 
with cl 
REDUNDANT SWS CONTR/T DIR 
BIN RHC SHORTED MNA- open 


Guthcrity in ctfected axis, 


CONTR I DIR MNB-| 


clase 


@ ROT CONTR 
PWR DIR 1 = MNA 

with eb SCS 
CONTR/1 DIR 


MNE - open 


Jet fires? REDUNDANT SWS 


IN RHC SHORTED 


[16] eb OR 
UL 2) ~ clove 


fis] RHC No. 2 Check 


e@ cb SCS CONTR 2 DIR 


(2) - 
@ ROT NTR PWR DIR 2 ~ 
MNA/MNB CONTR 2 DIR 
IRECT SHORT 
eo cb SCS CONTR 2 DIR MN Seances rhea 
MNA ~ ciose MNB ~ close redundant sews in 


axis) 


[SS 
NO NO 


| © ©) (3) Operation wit RHC No. 2 fine 


tional through redundant set of 
ows. 


EJ ONE SET OF 
REDUNDANT SWS 


9 ch SCS CONTR 


MANB with cb SCS 


2 DIR MNB - closed 
| Sere YES IN RHC SHORTED CONGR2 OIE 
: MINNA ~ open 
NO e cb DIR GIT (2) - 


close 


| (4) © 


{22 [23] ONE SET OF 
DAR ULL pb 
SHORTED 


®© Close direct uliage cbs one at a 
CONTR PWR DIR 2- time to isolate the failure within 


MNA/MNB and pull the DIR ULL pb. DIR ULL MNA 
ob SCECONTR 2 i a - 


DIR MNA = open 


REDUNDANT Sws 
tN RHC SHORTED 


powers quod B.D. MNB powers 
quad AC jets, This will provide 
2-jet direct vilage. 


Of swt. 
(4 ) Leis of ome se? of redundes! 
direct sws resuity in reduced 


0) SCS boll drive lost in affected axis 
in RATE 2 of ATT | RATE 2, 
EM3-RST erroneous alter .05 G it 


VEHICLE yow or roil, unless switched to 
DYNAMICS sympton - FDAI RATE 1, 


OSCILLATING 
& DIVERGING 


a @ LIM CYCLE ~ 
0 (up)? 
YES 


rate displays zero ? 


No SCS auto AV if pitch or 
yaw; if in roll SC5 auto AV 
possible if BMAG mode ~ ATT | 
RATE 2 & LIM CYCLE - ON 


@ FOAL SCALE = 371 
@ BMAG MODE = 
RATE | (in axis) 


RATE FAILEO 
OPEN 


(offected axis) - 
RATE 1 
@ Realign GOC 


OPEN 


@ AUTO RCS SEL - NOTE: IPATT (6) This foilure noticeable only if 
MNA or MNB HOLD is desired BMAG 2 power is off. 
Tv axis) @ BMAG MODE 
@ RHC ~ emd mov (atfected axis) ~ © Displays & RATE | unoffected, 
{in axis) ATT J RATE 2 
@ LIM CYCLE ~ 
on (up) 


® For affected axis all rate damping 
lost, RATE CMD response similar 
to ACCEL CMD, 


@ BMAG 

MODE ~ ATT} 
RATE 2 (in axis) 

@ LIM CYCLE ~ 


FAILED OPEN on (up) 
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APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 
—— | 


2 | Troubleshoot +X (-X) direction 


Disable oll +X (+ 
@ AUTO RCS 
No VEHICLE PITCH A4, C3 (AG, C4) - 
DYNAMICS OFF 
OSCILLATING YAW 4, D3 (B3, D4) - 
AND DIVERGING OFF 
Enable all =X (4X) jets 
@ AUTO RCS 
PITCH A3, C4 (A4, C3) - 
MNA 
YAW 83, D4 (B4, D3) - 
| MNA 


@ SC CONT ~ SCs 
}~ RA 
Pee MAN AIT (3) - RATE CMD 
direction? 


ABNORMAL 
VEHICLE 
DYNAMICS 
DURING 
TRANSLATION 


diverging timit 
cycle? 


jets 


Attitude control | yes, 
lost during 
translation ? 


@ THC ~ cmd +X _(-X) 


Jets fire? 


@) This failure causes transiation 
jets apposite to selected direction 
‘ to fire. i T i 
[6 | Ck att cont jets 0 fire. Attitude con rol during 
For +X (+X) trans transtations will be lost in one 
et Peis axis (pitch ot yaw). For + or =X 


DRIVER LOGIC 
SHORT (CRS3, 69 
OR B4, 90) 


@ AUTO RCS =~ OFF trans, disable thrusters in affected 
Except ae axis and control attitude with direct. 
PITCH AAA) ~ (Translations will be 2 jet.) Or 
MNA for +X trans, use DIR ULL and 
YAW DA(D3) ~ control attitude with direct. 
MNA 
| 0scto Mt ca (2) HCMC is avoilabie, operation 


es Oe f BO switches in THC may be 
pitch) and = . 
Wises and = yew checked per G&N 3 step 1. 


RATE NO 
CMD 
ROUTINE 


Affected axis 


fe] Te debe) aio. va es G) (3) Ait ete coil capability lt for this 
oa A thruster. Direct available. 
e@ AUTO RCS @ RHC ~'cind + & 


PITCH AS,C3 (A3,C4)~ MNA DRIVER FAILED 


PITCH A3,C4 (a4, C3) - OFF 
YAW B4,D3 (B3,D4) - MNA] 
[YAW 83,4 (B4,D3) ~ OFF] 

o MAN ATT (3) - RATE CMD 

@ RHC ~ md + & = pitch tyaw] 


nee ( 4 ) Affected jet lost for SCS RATE 
| Motion Goth directions? (+) CMD, MIN IMP and auto coil 


Motion both 
direétions? 


YES 


YES A] translations. ACCEL CMD and 
1) DRIVER LOGIC G&N modes unoffected. 
FAILED (CR67, 73 


85, 94} 


@ AUTO RCS 
PITCH C3 (C4) - MNA 
PITCH A4 (A3) ~ OFF 
(YAW D3 (D4) - MNJ 
[YAW B4 (83) - GFFY 

@ THC = cmd +X (=X) 


Je AUTO RCS PITCH 
C3 (C4) - OFF 

[YAW D3 (D4) -QEF 
@ THC = cme +X(-X) 


(5) Translation capability lost in affected 
axis. If problem is in the +X axis, 
direct ullage capability remains. 


/O 
SWITCHES FAILED 
OPEN 


@ AUTO RCS 
PITCH C3 (C4) « MNA 
PITCH A4 (A3) - OFF 
CYAW D3 (D4) ~ MNJ 
LYAW B4 (83) ~ OFF) 

@ THC ~ cmd +X (=X) 


(6) Affected jet lost for ail auto~coll 
translations, Rotation capability 
unaffected. 


DRIVER LOGIC 
OPEN (CRE2, 68, 
83, 89) (CR26, 31, 
47, 52 SHORT) 


translation repeat 
step for other quod 
poir 
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7 (Cont) 


SYMPTOM 


APOLLO OPERATIONS 
PROCEDURE 


[7] 


18 | Troubleshoot +¥ (~Y) axis 


Disable Y axis jets 

# AUTO RCS A/C ROLL 
(4) - OFF 

Configure Z axis 

@ AUTO RCS B/D ROLL 
(4) - MNA 

# SCS CONT ~ SCS @ 

@ MAN ATT .(3)= RATE CMD is] 

DRIVER LOGIC 


HANDBOOK 


7 | 


20 | Troubleshoot +Z(~Z) oxis 
Disable Z oxis 
@ AUTO RCS B/D ROLL 
(4) ~ OFF 
Configure Y axis 
@ AUTO RCS A/C ROLL 
(4) ~ MNA 
@ SC CONT ~ SCS 
@ MAN ATT (3) RATE CMD 
@ THC = omd +Z (2) trans, 


REMARKS 


One direction of Y ow Z 
translation lost. 


@ THC ~ emd #¥ (-Y) trans. 
YES SHORT (CR63, 69. YES 
L Jets fire? Jets fire? 
NO NO 
[21 | Troubleshoot +Y (- Troubleshoot +Z (-Z) 
AUTO RCS A/C ROLL @ AUTO RCS B/D ROLL 
Al, C2 (C1, A2) - MNA BI, D2 (82, D1) - MNA 
® AUTO RCS B/D ROLL @ AUTO RCS A/C ROLL 
(4) - OFF (4) - OFF ; 
@ RHC - cmd + & = (roll) @ RHC ~ emd + & - (roll) i 
NO NO ~ — 
Maton ba dracon? 
YES YES 
ROLL + ACCEL 
CMD 
o RAC ~ omd +8 - 
(rolt) 
Motion both 
directions? 
Affected jet lost for SCS RATE CMD, 
MIN IMP and auto coll translations. 
| 25] ACCEL CMD and G/N modes 
DRIVER LOGIC DRIVER FAILED unoflected. 
FAILED (CR67, 73, 
88, 94 OPEN) All ovto coil capability lost for 
this thruster. Direct available. 
% @ AUTO RCS @ AUTO RCS o MAN ATT 
A/C ROLL AT{A2) B/D ROLL 8) (B2) ROLL ~ ACCEL 
- MNA ~ MNA CMD 
®AUTO RCS A/C ®@ AUTO RCS B/D @ AUTO RCS B/D 


ROLL A1(A2) - OFF 
le THC + emd +¥ FY) 


ROLL C2(C1)~ OFF 
e THC «cmd +Y (-Y) 


R SWITCHES FAILED 
OPEN 


@ AUTO RCS 


A/C ROLL AVA2) 
- MNA 
@AUTO RCS A/C 
ROLL C2(C1) - OFF 
@ THC ~cmd +¥ (YJ) 


133} Driver LoGiC F 
OPEN (CR62, 68, 
83, 89) (CR 26, 31 
47, 52 SHORT) 


SCS translation 
checks OK 


ROLL B1(B2) - OFFI 
e THC +eaid +Z (-Z 


det fires? 


YES 


@ AUTO RCS 
B/D ROLL B1(B2) 

~ MNA 

@ AUTO RCS B/D 
ROLL D2(D1)~ OFF 
@ THC ~emd +2 EZ) 


é 


Translation capability lost in 
affected axis. If problem is in 
the 4X axis, direct ullage 
capability remains. 


Affected jet lost for all auto-coil 
translations. Rotation capability 
unaffected, 


Abnormal dynamics may be due 
to thruster degradation, 
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APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


Q An 8) of 17777 Indicates no jet 


GEN | C) (@) 
[aero] [Terre] if rareom | 


@ AUTO RCS 


| (16) - OFF ROT | @ ROT CONTR PWR 


RQTAUION 
17737 ROLL 


17757 4ROLL NORM | - AG 


[parm pL ane 10. 
BREAKOUT SHORT 


@ SC CORT ~ CMC 
® CMC MODE 


17767) 8VAW 
17773 4YAW 
° Bf conm PWR V77$ -PITCH 
Nome 1 AND 19776 +PITCH 
| « TART EONTR TAAON 
PWR - ON - 
RHCs & THC - 15777 + 
neutral NO 16777, PWR NORM I 
= Tor a7 4y end 2 = AC/DC for 
NE 17577 =X vsoble fl for 
@ Record RI 176774 shorted RHC, 
VITI7 ie RV? Ri indicates ? 


RHC NO. 2 
REAKOUT SHORT 


@ cb SCS CONTR/ 
AUTO MNB - 
= 

17777 in RI? 


@ cb SCS CONTR/ 
AUTO MNB - 


close 
MNA = open 


CHAN FAILED 


NO. 2 BREAKOUT 
SHORT 


ech SCS CONTR/AUTO 
MNA or MNB ~ open to 
shorted THC sys 


@ Seiect operable bus with 
AUTO RCS 


e eb SCS 
CONTR/AUTO 
MNA ~ close 


X=tronsiation? 


[20] Driver on ck 


| je AUTO RCS -MNA. 


or B (individually 


in affected axis) Gan chee 

then OFF OK. Return orig 
a NO config ond confirm 
YES CMC JET 


RECONFIG 


ACCEL CMD 
# AUTO RCS » MNA 
gr B~ then OFF 
(for affected 

thruster) 


) 


2] cmc + $cs CMC JET 
NO INTERFACE FAILED Ssne2 | RECONFIG 
SHORT (STEP 8) 


24] DRIVER FAILED 
ON 


17 July 1970 


Basic Date 


a 


Change Date. Page 


commands ints CMC. 


® Direct mwitches in affected RHC 
still functional, Locking an 
RHC mechonicoliy opens breckout 


switches, 


® An Ri of 00000 indicates no jet 
commonds from computer. 


‘C) Affected thruster(s) lost for af! 
G&N control modes. SCS 


control mode and direct 
unaffected. 


Affected thruster lost for of! 
euto~coil operations, Direct 


uneffected. 
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SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCE DURE REMARKS 


G&N | 


@ 


@ Assumes DAP data load has 
been verified. 


(2) Alternate 


@ 
[1] input chan ck _| 


RHC 
TROUBLESHOOTING ® AUTO RCS (16) - 
ROUTINE OFF @ RHC -cmd + &- @) Command RCS maneuvers 
@SC CONT - CMe (in axis} within soft stop region, 
® CMC MODE - © Verify Ri ORIGINAL 
| FREE readout RHC B/O SWITCH @) Use alternate RHC. Direct 
@ RHC PWR FAILED OPEN unaffected but BMAG caging 
NORM (2) - signal fost, 
| AC/DC NO 
@VITNIOE, 31E 
@ RHC -cmd+&- (4) 3) RHC control (G&N) of 
(in axis) 4] ome input CMC JET affected thruster last. CMC 
@ Verify R1 readout FAILED OPEN RECONFIG AUTO and MIC modes 
-ROLL = 17737 SSR-2 unaffected. 
+ROLL = 17757 
~YAW 17767 
+YAW — 17773 
~PITCH = 17775 
+PITCH 17776 
YES G) 
[Ss] Ouiputchonck yo FET cnc oureur ete re 
CMC AUTO @ AUTO RCS (16) - OFF CHAN FAILED direct unaffected. 
TROUBLESHOOTING @SC CONT - CMC OPEN 
ROUTINE @ CMC MODE - HOLD 
@ MAN ATT (3) - RATE CMD or 
MIN IMP 
@V11 NIOE, 5E (pitch & yaw) 
| @ RHC - cmd + & - (in axis) jets pitch axis 
© Verify R1 readout @ AUTO RCS 
+PITCH 00005 +ROLL (AC) 00120 PITCH (4) - 
| -PITCH 00012 +ROLL (BD) 00005 MNA or MNB (6) 
SUSPECTED +YAW 00120 -ROLL (AC) 00240 @ RHC - cmd +& - 18} DRIVER 


-YAW (in‘pitch) 


REDUCED RCS 


AUTHORITY | Rl Correct for all axes? p_(CRi8) 


BOTH 


00240 -ROLL (BD) 00012| ygs 


NONEE «LOGIC SHORT 


@) All CMC modes fost when 
SC CONT - CMC. SCS modes 
and direct unaffected. 


PITCHORYAW 9] affected | ROLL 
axis? 


141 | Troubleshoot AC (BD) roll 


@ AUTO RCS ROLL BD (AC) - 
OFF 
@ AUTO RCS ROLL Al & A2 (Bi 


@ If DAP is configured for 
B/D roti, repiace all references to 
AC with BD. 


Troubleshoot P or Y 


@ AUTO RCS PITCH A3 & C4 


& B2)- MNA or B 
| (YAW 83 & 04) -MNA or B . aoe nicl 
rere wn AUTO RCS ROLL C18 C2 (D1 
@ AUTO RCS PITCH A4 & €3 & D2) - OFF 


(YAW B4 & D3) - OFF 
@ RHC - cmd + & - (in axis) 


| Ck opposite pr of Jets 


@ AUTO RCS PITCH A4 & C3 
(YAW B4 & D3) - MINA or B 

@ AUTO RCS PITCH A3 & C4 
(YAW B3 & D4) - OFF 

@ RHC - cmd + & - {in axis) 


@ RHC - cmd + & - {roll} 


Motion directions? 


BOTH 


Ck opposite pr of Jets 


@ AUTO RCS ROLL C1.& C2 
(DI & D2) - MNA or B 

@ AUTO RCS ROLL A1& A2 
(Bi & B2)- OFF 

@ RHC - cmd + & - (roll) 


af 
otion directions? 
BOTH 


| BOTH ' 
(8) 18) cs iogic checks 
| [14 RCS logic checks sa 
OK (5) 
o RHC cmd +8: BOTH CMC-SCS 
Moticn directions? INTERFACE 


| 8) river G&N | CMC JET 


RECONFIG 
FAILE FF 
ee SSR-2] (STEP 8) 


Reduced authority may be 
caused by thruster degradation, 


® Affected thruster lost for all 
SCS and CMC modes. Direct 
mode unaffected. 
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SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


oO) Assumes DAP data load has 


THC TROUBLE. | 1 | input Check been verified 

SHOOTING @ AUTO RCS (16)-QFF ,@ Verify Ri readout 
ROUTINE SC CONT - CMC ' +X = 17677 
@CMC MODE - FREE ~X 17577 
@ THC PWR - ON / +¥ = 17377 
e@Vi1 NIOE, 31E | ~Y = 16777 
| @THE -cmd+&-(in axis) +2 15777 

! -Z 13777 AUTO MNA& AUTO (2) - closed 
Ail correct? MNB - both ciosed? @ THC -cmd + &- 


(in axis) 
e Verify Ri readout 


Ri correct? 
NO 


@) Check cb SCS CONTR 
AUTO MNA and MNB - close 
prior to future THC cmd. If MNB 
cb open, original THC switch 
failed in system A: if MNA cb 
apen. original THE switch failed 


16 | Output Chan ck 

e@VITN10, GE 

@THC -omd +8 - 
{in axis) 

@ Verify Rt readout 


[5] Translation 
direction X? 


| 8 | Output Chan ck 


CMC INPUT 


- aa CHAN FAILED in system B. 
r + N 
e@ViT NIE, 5E oe aoe OPEN 


@ THC -cmd+&- 

@ Verify Ri readout 
+45 00231 
+25 (AC) 00011 


| @) The remote possibility of 
| | #21 (BD) 00220 


both THC system translation 
switches failed open can be deter. 
mined with the SC CONT - SCS. 


~Z 00006 


Ri correct? 


~4J 00146 
-2J(AC) 00006 19} MC OUT- 


~2J (BB) 00140 PUT CHAN SSR-2 


YES RECONFIG 


® Translation lost in CMC 
modes for affected directions. 


©) All CMC control to affected 
thruster lost. SCS modes and 
direct unaffected. 


[10 Je AUTO RCS - @MAN ATT - 


RCS -MNA or B AGCEL CMD YES 
(in axis) (Select 2 jets @THC-emd+&- Repeat step 10 
if 4 jets +X trans) (in axis} Aine two x 
#1MC amd 2B rans? 
axis} 
NO 
| CMC-SCS 
INTERFACE CMC JET 
FAILED OPEN RECONFIG 


R(STEP 8) 


| DRIVER 
LOGIC FAILED DRIVER 
(CR 18) FAILED OFF 


Ex 


@ Assumes DAP Data Load has 
been verified. 


@MIN IMP CONT - 
cmd + & - (in axis) 

@Verify R1 readout 

+ROLL XXX57 


MIN IMP CONT 
TROUBLE- 
SHOOTING 

ROUTINE 


AUTO RCS (16) - OFF | yes MHC 


eg @ An R1 of XXX77 indicates 
eSC CONT - CMC aur 


no input commands to CMC. 


@ CMC MODE - FREE | -ROLL | XXX37 

@ RHC PWR NORM +PITCH —_XXX76 

| i Aginc fee | can | -PITCH, —-XXX75 
e Ss -neutra 

? +YAW -XXX73 

eVIINIOE ~ RAED ~YAW XXX67 


@ CMC MIN IMP lost for con- 
troller in LEB. CMC or SCS MIN 


G&N 


FG DOBLE ua 
SHOOTING ROUTINE bebe L2-]-8 | 


32E (MIC) 
or 31E (RHC) 


@ CMC & SCS MIN IMP lost 
for affected RHC. CMC MIN 
IMP available with MIC in LEB. 
Also lost, FDAI att error & att 
control (BMAG caged in axis). 
MTVC pitch & yaw not affected, 
During SCS-SPS thrusting, have 
FDAI att errors and control 
after IGN 2 signal. 


CONT BREAK. 
OUT OPEN 


| XXX77 in R17 NO IMP available with RHC. 
NO | (3) RHC TROUBLE- 
SHOOTING 
LS] in iM ROUTINE 
[3] e@ RHC PWR | yes 


NORM (2) - OFF 


XXX77 in R1? XXX77 in R1? 
| NO NO 0; 


@ 8 }Ruc 2 
} 6] Min ime © B/O SHORT 
CONT BREAK. PZ IRHC 1 

OUT SHORT B/O SHORT 


YES 
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SYMPTOM PROCEDURE REMARKS 


GEN | 


@ Perform CMC 
power up 


Cor CMC be 
powered up? 


RED 


Lr on if; 
CMC prime pwr fails 
Sealer fails 

Counter fails 


© All CMO functions fot 


Repeated restarts | 4] input chon ck | 
es @ VII NICE 
33E 


DOSKY operotional? 


CMC It 
on continuously? 


® The 81 readout indicates a CMC 
FAN. signal to CMC, 


6) Subsequent CMC malfunction indi~ 
OR CMC LT RELAY Cation from unaftected CMC light. 
ON DSKY FAILED 


CLOSED 


© If the LEB CMC It ison, all gy-r 
toraving and PIPA capability lo’. 
CMC monitor and control of bot 
TVG and entry los. i 


Any DSKY 
status It on? 


Display ALM 


e V5 N9E 
@ Perform action for 
displayed aiarm 


RESTART It on? 
CMC TEST RESTART 


; 
YES 2 | Display vim code 

ie Hi PROG It on? [2 [Dieley ves FI] TRANSIENT 

o V5 NSE ISS CONDITION 


NO @ Record alm codes 
RED | C1) ao RSET 


Subsequent 15S malfunction indi- 
cations from uncffected ISS It, 


The following alorm codes ore 
generated by the listed failures 
(or by tronsient toil diseretes): 


O® 


Lt on if: band MOG te nau - 4a ot nah ll j 
. om O777 ~ ore tar 
outa C/W OR CMC 13777 = WU and ICDU foil 
PIPA fails OUTPUT CHAN NO \A777 - PIPA, IMU ond 
FAILED ICDU fail { 


if any of these alarm codes occur, 
Proceed sequentiaily to each of 
the step: indicated. A "ho™ 
answer to each step is indicative 
that a transient fail discrete has 
been generated, 


Function A/D D/A 
Remaining Failure | Failure 


during thrust | 


@) 


@ SCS CONT - 


04777 
13777 


6, 7 & \afepemeed SCS 
Aim code? | 
TTL Alm code? <r 


6&7 


() Fine align NO YES 

@ V40 N20E (ero eo VI6 NIE o Goerte’ align NO NS 
vie Nee Att err signal NO NO 

e Any register zero or | YES PIPA FAILED Total att to FOAL YES YES 
> $1 counts per min? Gmbi angles to CMC NO YES 

ey ri ~ feou WD ‘e) IMU stabilization loop YES YES 
SPCR Ee SECTION FAILED YES Cage riode YES YES 
hl sal oO IMU fail detect ekt YES | YES 
Dynamic PIPA Coarse align in gmbl lock | NO YES 


check + 


©) CMC con perform functions not 
requiring IMU inputs. After 
toch maneuver, stote vectors 
must be updated via P27. 


Any register zero? 


j@ THC » translote 
in direction of 
zero PIPA axis 


Registers ‘remain 0? 


NO 


@ VATE 00€ 
@ VA3E 

@ Load ICDU angles 
RI + 00250 


ICDU D/A 


R2+ 0093 , ; 
FDAI NO. | error [sieb beop ce] 415 PIPA FAIL @ CMC monitor and control of both 
recdhat = lecaed SECTION FAILED [14] Stab loop ek BEECTION TV and entry lest, 


© Estoblish att hold CIRCUIT FAILED 
© FDAI SEL = 1/2 


@ VI6 N20E 


; 7 
a CMC INPUT FDA! Ne. 1 ond RI, [NO 74 
CHAN FAILED R2, R3 stable? 


values? 


©) Affects assurance of an ISS commend, 
Subsequent indicator of on ISS 
foilure loss, 


IMU in coarse align and must be 
realigned too new inertial 
reference, 


i 3 | Realign IMU 


e@ V37E OOF 
oe V4) N20E 
Q0000E 
O0000E 
Q0000E 
V40 N20E 
RSET 
Realign IMU 
(P51 etc.) 


INERTIAL 
REFERENCE LOST 


YELLOW 


Light on if: 
MGA > 70° 


Maneuver CSM 
to reduce MGA 
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YELLOW 


Light on if: 
IMU temperature is 
out of limits <126 
or > 134°F, 


oO 


YELLOW 


Lighted by any of the 
following: 
PARITY FAIL 
RUPT LOCK 
TC TRAP 
NIGHT WATCHMAN 
or VOLTAGE FAIL 


10 
TRACKER 


YELLOW 
Light on if: 
Optics CDU failed or 
VHF ranging data 
missing or no good. 


Basic Date 


| 


SM2A-03-BLOCK II-J-(2) 


APOLLO OPERATIONS HANDBOOK 


1 Attempt reset 


[5] Continue 


norm operation 


Lt] SKY blank, 
except status 
lights? 


Verity Alm 07107 


Compare 
DSKYs 


RESTART iton, | 
both DSKYs? 


NO 
10 | Lamp test 
@ V37E OOE 
@ V34E 


| RESTART It on, 
both DSKYs? 


YES 


RESTART 
LT RELAY 
FAILED CLOSED] 


i) Attempt reset 
@ RSET NO 
TRACKER It off? 


YES 


G 


VHF ranging 
data being used 
by CMC? 


@ 33E 


Eof Ri=7? 


YES 


e@eViTNIQE 


QUTPUT 
eVITNIGE, 
30E 


Eo? | TEMe 
RRELAYINDSKY | 
F FAILED CLOSED | 


ance will he unatfected by 
IMU temp out-of-tolerance 
for at least 15 min, Critical 
maneuvers can be continued 


within this time. 
MSFN reports y 
PIPA temps 


Temp normal! 


IMU TEMP 


18} imu stability ck! 
jmmtnererveerneeemensee mma, 
SENSOR FAILED | 


@ FOAISEL - 1:2, 


YES 


| stable when com 
pared with No.2} 
or visual cues? | : 
B CONTROL FAILED 


@ RSET norm operation 
RESTART It off? 
NO (2) 


CMC It on? 


Attempt 
fresh start 
eSC CONT - SoS | 
@ MSFN contact 
reg 
e@ Vide 


GEN | cResy 


START 


’ YES 
SSR-3 
NO 
[8] Program = |Yes[ S$} Continue After 1-1/2 min, 
running? operation with ee 
: | caution i | @VobE 
Ti | @ RSET 
RESTART tt of f? 


iM} RESTART 

FLT RELAY 
FAILED OPEN 
(UNLIT DSKY} 


14] @ Simultaneously 
push - RSET and 


b13 | i MARK REJECT pb 
CMC FAILED £- 


Compare 


DSKYs 3 


YES 
TRACKER it on, | _30E 
both DSKYs? || 2or6in Cot Ri? 


NO VES 
@) 
5] TRACKER 
LT RELAY 
FAILED CLOSED | 


e@eVITNTOE, 


@ OPT ZERO - nm 
ZERO - (15 see) RA 


@ RSET 


TRACKER It off 
during zero mode? 


1 YES 


MODE - 


@V37E OUE 
} @V47 NGTE 
| @Load 8.49 SHAFT 
and 4.4° TRUN<) 
@eVIGNSIE 
Optics drive to angles 
loaded? 


@ © OPT MODE. 


Continue NC MAN 
norm operation 


TRACKER it on? 


EMS RANGE 
DISPLAY 
ABNORMAL 


17 July 1970 


Change Date 


REMARKS 


@) This Ri readout indicates 
IMU temp within limits. 


@) AW IMU temp abnormal ind: 
is lost. Temp available from 


IMU temp abnormal indica- 
lable trom unaffected 


@ Transient abnormal condition. 


G) Assumes normal operation of 
No. 7 FDAL has been veritred. 


) IMU may be used as long as 
FDAI No. 1 indicates that the IMU 
is stable. 


Q If PROG it on, dispiay the 
alarm code and perform the 
required action before proceeding. 


@ Restarts at a higher rate than 
& V/sec will trigger CMEC fight. 
Restarts at a rate higher than 
21/2 second will sustain CMC 
light. 


©) Recurring restarts at a rate 
insufficient to trigger CMC light. 


@) Restart indication available 
from unaftected DSKY. 


G) Ali CMC functions lost. 


oo ae 
‘ This R1 readout indicates on 
OCDU tailed, 


@ All tracker abnormal indica- 
tions lost. 


Tracker abnormal indications 
available from unaffected OSKY 
only 


@) Use alternate IMU alignment 
program (P53 and P54). {SS and 

CMC unaffected. CMC cantrol of 
G&N AV lost. TVC DAP attitude 
error still usable. 


(5) If caused by VHF ranging data 
no good, the light will return on in § 
< i min (CMC samples VHF 

ratiging data’every minute). 

@) This Ri readout indicates a 
VHF ranging data no goad input 

to the CMC 


‘O) Transient abnormal condition, 
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APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 
ie) 


C Ourru: 


PROG It on, bork CHAN FAILED 
DSKY 4s? 
0 V5 NOE 
- Uf necessary) 
Light on if: te Record aim code 

CMC program alarm or by power 

bad PIPA reading during RY,R2, RB all zeros? 

nonthrusting modes. 


RELAY FAILED 
@ Perform procedure ON AFFECTED 


PROGRAM ALM ‘i 
for displayed aim OSKY 


Ti Jcme irernat 
| PROBLEM 
PIPA saturoted 


CMC TEST 11] NO Continue normal 
00207 | operation 


YES 
| (G3) @ V1 NIOE No 
@ 30E 
| [1 ]e perfom 15S | YES Lor Sin Aof RI 
YES | G/N IMU PWR - 

IMU not operating 2or3 in C of RI? on (up)? 

| NO NO YES 

23 

IMU not operating with 3 Continue norma! a GAN 
Mee Se eae operation 1SS FAILED SSR-1 


a Align program = fYES 


(P51, P52, P53, alignment align check in P52 
Coors: Align Eee P54) running ? @ Record gyro or P54 
torquing angies 


NO (VAT N2‘) Any torquing angles 


210°? 


[3] Continue normal 
operation 


96212 
PIPA Fail 


ee 


00217 ' 


Bod retum from 
STALL routine 


@ RSET 


@ Reinitiate current 


SWITCHING FAILED 


Pite aser | 


01105 
Sens vanes 
: 


Downlink Too Fast | 


FAILED 


01106 


Alorm reoccurs ? 


Uplink Too Fast 


thrusting 
@ RSET 
e@ Check orbital 
parameters and 
initiate orbit 
change torgeting 
and thrust as 
necessary 


VG Increasing 


@ Monitor EMS & 
Tot Att for Normal 
SPS Eng Operation 
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© © 


PROG light foiled on. Program a 

clatm indication available by keying IRQ 

V5 NE, if not displayed as o main 

alarm. 

Program alarms are of 3 ciasses: 
Moin alarm = Alarm code dis 
ployed. Progrom haits awaiting 
crew action. 

Side alarm + Alarm code not 
displayed. Program continues. 
Restort alarm - Alarm code not 
displayed. Program executes 
9 restart. 

CMC can store multiple alarm 

First alarm appears in RI; second 

in R2; fast in RF 


Program alarm indication available 
from other DSKY, 


Assumed to hove occurred without 
an ISS fight. 


This RI readout checks the presence 
of a tum=on request from the IMU. 


This R} readout checks the presence 
of an IMU operate discrete from the 
IMU, 


00211 will occur only during 
coarse alignment, either by 
an alignment program or by 
DSKY command {V4} N20), 


IMU must be aligned by an 
alignment progromi.e., by 
gyro torquing rather than 
coarse align, 


IMU usable only os o backup 
attitude reference. 


Downlink data transmitted 
at time of alarm may not be 
correct, Updote must be 
manually verified. 


Perform subsequent CMC 
ground updates by voice 
Vink. 


Uplink dote being sent when 
alarm occurred should be 
trangnitted. 
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SPECIAL 
SUB 
ROUTINES 


SSR-T 


RZ 0000! for 7 SEC 
R2 00002 for 43 SEC 


© @ 


CMC TEST 


Ri = (ERCOUNT) 
R2 - GCOUNT) 


R3 ~ (SCOUNT+1 
ove pier 01102 Ri» (SKEEP 7) 
@ ovine”  Tronsmit to MSFN Subsequent vie of CMC 
Record: ALMC ADR dependent on MSFN evaive~ 
RI = (ALMCADR) SKEEP 4 tion (via downlink) of the 
CMC PROBLEM 00001 SKEEP 7 succeeding steps in 


salftest. 


Problem is in erasable 
memory, 


[Tae fee | ScouNT? _ FPRCay «somo iw 
| YES a 


@ V2 NZE § MS7ELOUE 
of e bh oi CMC talf check tests only 
. ee # Verify RI = R2 oF omenie eas memory. Other 
‘ oh RL R2 = TTTTT intemal pr tems cannot be 
time permits If not: determined by self check, 
@ Record RT & R2 
| @ PRO for next bonk 
(43 banks) 
7 | Sealer fail ck 
[7] @ V34E All CMC functions fost, 


@ VII NIOE © Tronmit recorded 


. 3E data to MSFN. 
E of RI changes 
x @) 


Do not use CMC control for 
ottitude maneuvers. 


vi @) 


[9 | [10] o Té COUNTER 
CMC It come | YES CMC It goes IVES FOR CMC FAIL 
on during maneuver? out after maneuver? DETECTOR FAILED 


NO 


RCS DAP unusable since T6 
counter controls DAP jet firing 
times, 


OO © 


TVC DAP ond cute optics position- 
ing lest. 


V4t N9} or 


YES © OPT 


YES 


| Optics pwr o:,? auto optics position= FRO - ZERO 
NO ditwandeti Cec or? Sm frecisren Faiven 
NO 


Qe) Optics /CMC interface lost. Use 
alternate LOS marking routine 
{P53, P54). 


§ COUNTER FAILED 


CMC it off? 


CMC uplink unusable. 


Fn | 
Pe 


INLINK 
COUNTER FAILED 


CMC It off? 


NO 


IMU connot be fine aligned. 


YES 


WU pwr on? TORQUING CMD 


REGISTER FAILED 


IMU cannot be coorse aligned. 
Align by caging and/or fine align, 
CMC attitude error display lost in 
axis, CMC controt of SIVB lost, 


[ 26] cue It off after ee 
coarse align? COMMAND 
REGISTER FAILED 


13 ‘©) CMC TVC and entry control lost. 


2] 5 pwn wu - 


OFF Any .egiste: “ERO 0 


CMC It ff? YES incrementing at ES 


NO te? 
5 extreme rate 


[30] PIPA COUNTER 
B FAILURE CORRES- 
PONDING TO 
FAILED REGISTER 
READING 


NO 


IMU usable os attitude reference 
only. 


OMC/IMI) 
y INTERFACE 
FAILED 


CMC FAILED 
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REMARKS 7 


SSR-2 


cme 27 nae 
RE- CONFIG | Rovatien’? 


© Storred (*) outputs ore single jet 
commands. For RCS failed on, the 
failed jet is the indicated jet, For 
output chennel falled open, the 
folied jet is the corresponding jet 
in the rotational couple, @.g. 
command + pitch, Should observa 


eeoen 

Translation LALs ae a 00005 in chan 5 (A3, C3 + pitch 

direction? Outpet inpet Output input couple). If observe 00004, C3 
Chon 5 jet oe Chon 6} Jet os can net be commonded on by CMC, 


Tf) (output chan) contain o 
number not listed, detenming the 
foiled jat from the RT (output) 

readout when o rotation command 


CA is giver, 
4, C3 
83,04 In RI, A is vehicle configuration: 
A3,83, © ~ No DAP 
C4, D4 1 + CSM only 
as 2 ~ CSM + LM (asc + des} 
BM, 3~ CSM + SIVB 
Al,C2| X7377 3,03 6 ~ CSM + LM (aac only} 


in RT, Bis quad A/C for X 
translation: 

O- FAIL A/C 

1 USE A 
by RT, C is quad 8/D for X 
translation: 

0 - Fait 8/D 

1+ USE B/D 
In RT, D is DAP deedband 


Axis of PITCH or YAW 


foiled jet? 


L 9] initiate DAP load [12] initiate DAP load 


VASE 
FL VOe N46 
V24E 


Fatied jet in quads? 


in 2, & is roll selection 
0 = Use 8/D 
1 Une A/C 


Bor 


Transiation (Y or Z) will be single 
jet and result in excessive RCS 
prpint consumption. 


@ AUTO RCS AUTO RCS 


A/C ROLL failed B/D ROLL foiled PITCH failed YAW failed 
thruster - OFF thruster - OFF thruster - OFF thruster - OFF ® Rotations (pitch or 
Fis gent faa deere Me pA ne yow) will be 
(RCS failed on RCS foiled on (RCS failed on (RCS foiled on single jet. X translations will be 
only) 2 jet. 


AOIDE £ 
THEE 
PRO 


N47 and N48 dispicy other DAP 
porometers casumed fo be correct. 


State vector and CMC time should 
be updoted. All nonpad-loaded 
Porameters, except time & state 
vector, will be properly updated 
by CMC programs in their proper 
sequence as if CMC hod just been 
turned on when fresh start occurred, 


FRESH START 


Fresh start 
re-oceurs? 


® Extended V74 permits MSFN to 
examine all pertinent erasable 
locations to determine if any 

Porameters need reloading. 


Fresh start by V36? 


V46E 
Do P51 


DAP is shut off by fresh stort & 
must be resinitiated by V46. 


REFSMMAT, SURF FLAG, 
WMOONFLG, CMOONFLG, and 
NODOPOITFLAG ore not changed 
by a fresh start, All other flogwords 
ore reset by fresh stort. DRIFTFLG 
(bit 15, flagword 2) should be set 
by: 


prog of mission phase 
& continue operation 


For all others proper flags ore set 
again by performance of CMC 
programs in normal sequence, 
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SYMPTOM PROCEDURE REMARKS 


| G) NORMAL Normal operating prow is 170 - 
1 (2) 195 psi, MSFN will use fuel ond 
oxid felemetered pres data to 
C1] ses rut and YES 8OTH HIGH @ SPS He VLV backup enboord indications. 
OXID PRESS ind > (both) - OFF HEAT SOAK 
YELLOW agree ? BOTH NO. fF INTO PRPLNT TK 
Light on if: NO LOW SPS thrusting 2 
FUEL or OXID YES @ oot ple sono by orienting 
PRESS : 
> 200 peia | (3) a, Fuel & oxid press high, orient 


quadrant toward deep spoce. 


< 157 psia ~X axis toward deep spoce. 
e | 5 | Bum mission 5 [6] b. Fuel prem high, orient -Z, -Y 
critical? ve quadrant toward deep space. 
¢. Oxid prem high, orient +¥, +Z 
NO 


@ AV THRUST A 


FUEL ANO/OR 
OXID PRESS HIGH 


REGULATORS . a 
FAILED ‘OPEN Engine chugging may occur if SPS 
Pe is < 60 peia. Corresponding 


(2) fuel & oxid press is 85 pria. 


FUEL AND/OR | SPS thrusting? | ig COLD SOAK Control fuel & acid press between 
OXID PRESS LOW PROBLEM 175 and 185 psi by manval actu- 
VE: 


YE ation of He ew. Individual octi- 
< 170 psia vation of the rte swirches will 
(5) identify the foised reguictor jeg. 

Flow througn failed regs will ex- 


| 5 
5. 12] 0 505 He viv | ceed the capability of the relief viv. 
Both SPS He VLV (both) - ON 3] AUTO CONT 
tb's bp? - NO. FOF He VLV FAILED! ® Open and ciese he vive manually 
aS Both th's bp? for cach burn. 

YES G) 


DUAL He VivS 
AILED CLOSED 


[4] FAILURE IN 
He SYS 


lis | Burn mission I 


critical? YES @ Continue burn 


@ AV THRUST A 


& B ~ OFF when 
fuel/oxid press = 
140 prio 


ONE 
[19] SPS FUEL and {HIGH £20) sps thrusting? MFSN verifies E VeAT LEAR PRESS should not exceed 
OXID PRESS ? NO cass high? YES 20 pai during a burn. Degraded 
ia INTO SYS performance, rough combustion, 
ONE LOW NO and/or engine failure may result. 


INSTRUMEN- | ff 
TATION FAILURE 


AP between SPS FUEL and OXID 


FUEL AND OXID 
AP >20 PS! 


MSFN verifies 
press low? 


NO 


ves (7) ® Priore to emergency SPS operation, 
Waraug manually repressurize propellant 
[ 27] 2 rr) tanks. 
Press deer? YES Except in emergency,| PRPLNT LEAK 
do not cycle He OR He LEAK 
vivs = possibility 
Ne. of tk rupture 
| 
Decr occur Attempt 
YES G) (@) All subsequent SPS burns should be 
meade with SPS He VLV (both) - 
© SPS He viv 32 QEF to minimize 4P between fuel 
NO (both) - ON RESTRICTED and oxidizer. 


YES 
NO 
@ (3) (2) () @) When fuel ond oxidizer press 


decreases to 140 psic, place 
OXID FLOW VLV - DECR. 
COLD SOAK —— 


PROBLEM COMPLETELY 
CLOSED 
CAd ide DCORWIS PPOVIDEDB PA RA DO MENTATION AM 
SM-2A-1459K 
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SYMPTOM PROCEDURE REMAR 


P| After SPS shutdown and 
before SPS GML MOT 
shutdown 


@ TVC GMBL DR PITCH 
(YAW) + 1 (2) 


@ Perinm gimbal trim check 


Gimbal control maintained ? 


ny 


Caution 


Gimbal drive circuits 

are not C/B protected. 

Bafore proceeding with 
| step 2, MSEN may be 
able to provide failure 
identification. 


PITCH (YAW) 
GMBL 1 (2) 


YELLOW 
Light on if: 


in respective drive 


Overcurrent occurs | 
motor or gimbai 


actuator. 
SPS PREMATURE [J Single or dual [ouUAL [2] $c CONT CMC 
SHUTDOWN bank 2 mode ? 


SINGLE scs 


es ; 
NO SPS IGNITION AILSPSIND tuo 
vi &) 
| [2] ch SPS He VLV 
i or eb PILOT 


VLVS - open? 
| NO 
[0] SC CONT $C5 [| EMS AV YES 
mode? counter <- 0,1 fps 
CMC NO 
13 
[13] SPS THRUST 
| It = on? Ne. 


@) 
6] ONE BANK 


FAILED 


| (Hleaen ee 


@ AV THRUST (2) - 
OFF 

# Recycle to 
ignition in P40 

@ FLV99 N40 

@ PRO 

@ VOI NTOE, IE 


| Lissa 
NO 


| 20) CMC INTERNAL 
PROBLEM 


| G&N 


YES 


INTERFACE 
f FAILED OPEN 


| SSR=1 
| CMC TEST 


A RNNED COPY 


17 July 1970 


PROVIDED BY 


[i] eine] 


@ DC IND sel - FC I 

@ SPS GMBL MOT PITCH 
(YAW) » 1 (2) ~ Start and 
hold for check 


5 | OVERCURRENT 
SENSOR FAILED 


Output chon ck 


@ AV VHRUST (2) - 
OFF 

o Recycle to 
ignition in P40 

eo FL V99 N&O 

@ PRO 

@ VOI NOE, TIE 


NO 
1 in A of RI? 
YES G) 


@) 


CMC-SCS 
INTERFACE FAILED 
OPEN 


EMS COUNTER 
RESET PREMATUREL 


@ AV THRUST 
(2) ~ OFF 

© AUTO RCS SEL 
4K (4) ~ OFF 

@ THC - cmd +, 

THRUST ON pb - 


push 
SPS THRUST It on? 


NO 


pan YES 
SPS THRUST It - on? 
NO 


@ cb DIR ULL 
(2) - open 

9 DIR ULL pb - 

@ THRUST ON pb - 


GIMBAL 


MOTOR FAILED 


YES 


(2) 
9 | SC CONT 


ENABLE PWR LOST | 


f 23] +X TRANS 


© Automatic transfer from the primary 
system to secondary occurs with an 
overcurrent provided the TVG 
GMBL DR switch is at AUTO. 


For subsequent AV's, place TVC 
GMBL OR sw to alternate servo 
position in affected axis. 


Selected gimbal motor is operational 
when SPS Pitch (Yaw) i (2) cb is 
opened while affected gimbal motor 
switch Is held at START. However, 
overcurrent protection and switch= 
over capability will not be avail+ 
oble. Close the cb to turn off the 
gimbal motor. 


Troubleshooting assumes original 
switch positions at time of shutdown. 


@® All G&IN SPS capability lost. 


@ Monual on-off procedure 

a. At TIG <1 min, SPS THRUST - 
DIR ON 

bd. APTTG, AM THRUST A(B) - 
NORM 

c. At TTG 43 sec, AV THRUST 
8(A) = NORM (if dual 
bank) 

¢. Terminate burn on AV or time 
by AV THRUST (2) - OFF. 


@) G&N SPS on-off control fost. 
TVC DAP unaffected. 


©) AV capability lost for affected 
bonk. 


® Perform EMS AV test and if OK, 
vie AV counter to monitor bum. 
Use manual on-off procedure 
{Remark 3), 


2) Affected bank may still be availoble 
using SPS THRUST - DIR ON. 
Alternate bonk unaffected, 


(8) THC must be CW for SCS AV 
capability. SCS auto AV lost. 


For SCS AV use DIR ULL pb for 
eng on initiation (+X TRANS logic 
function lost). 


push 
SPS THRUST ron? Leese COGIC FAILED 
NO 
(i) CMC AV capability unaffected. 
SCS AV auto on-off lost. For SCS 
AY use monual on-off procedure 
(Remark 3), 
INTERFACE 
FAILED SHORT 
PA RA DOCUMENTATION. TEAM SM=2A~14608 
Page 9-82 
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SYMPTOM PROCEDURE REMARKS 
s | i : No ae (2) 1) Assumes SPS engine was shut 
- ie THRUST J TVC mode? 
| ssa-t | 


down with the AV thrust switches. 
SPS ENG DOES 
YES MTVC FSCS AUTO 
CMC TEST @) 


ee caane @All G&N SPS capability tost. 
MTVC 
SPS THRUST LT LE] Tve mode? | wo |S { EMS AV test |, SPS THRUST 
ON - NON © Perform AV test OFF LOGIC 


AUTO Q)scs auto cutoff lost, use manual 
THRUSTING SPS THRUST It SPS THRUST It FAILED 
YES 


thrust on-off procedure presented in 
Remark 5, 


4) since failure could be SPS thrust 
It on only, for AV’s perform single 
bank ignition per Remark 5. 


(Auto thrust on-off lost for one 
and possibly both banks. Use manual 
on-off procedure: 


MALFUNCTION. 


| [8 fe THC -cw Thrusting mnvr SPS THRUST | | 2 At TIG-1 min, SPS THRUST 
being performed LT OR SPS BIR ON 
ot b. AtTIG, AV THRUST A(B) - 


GROUNDING 


NO YES SHORT 


NORM 
cs. At TIG +3 sec, AV THRUST 


B(A) - NORM (if dual bank) 


¥ (5) i; 0.1 (5) (6) d. Terminate burn on AV or time 
SPS GROUND: EMSAV fie byAV THRUST (2) OEE 
ING SHORT display? or for single bank operation: 
: i At TIG -2 sec, AV THRUST (alt 
<0.1 fps bank) - NORM 
a. If SPS Its, auto thrust on-off lost 
. for both banks, use manual 
SPS THRUST on-off procedure above. 
i q) CKT INAV b. If no SPS ign, auto on-off remains 
| [14] CMC output | YES COUNTER FAILED for alt bank. 
chan check chen @)scs AV capability remains but 


must terminate burn with time, Per- 
form entry self test to determine 
EMS capability for entry. 


Q) this Step must be dane while still 


® VOI NTOE © V21E, 11E @) am 
| HE OXXXXE YES CMC INTER- 


tin A of RI? Qin A of R1? NAL PROBLEM SSR-1 
NO NO 


CMC TEST 
(6X9) (5)(9) in P40. After check has been made 
Mia] SCSCMC exit P4Q to terminate average G. 
7 CMC OUTPUT 
INTERFACE CHAN FAILED (B)ScS auto cutoff lost. Manual 


SHORT cutoff required. 


@)Gan auto eng on-off control 
lost only. 


SPS FUEL & { YES 
OXID PRESS 
normal? 


Burn mission 


critical? 


SPS Pc 
ABNORMAL 


>110 psia | 
< 90 psia 


(2) - QFF at SPS 
Pc = 70 PSI 


SPS INJ VLV Ind - 
one or two 
partially closed? 


| 6 | INSTRUMEN- 
TATION FAILURE 


normal acceleration 
and sys parameters? ‘O) Failed bank should not be used 


except in an emergency. 


FUEL and/or OXID 
PRESS HIGH (LOW) 


@) SPS engine operable until engine 
indications require shutdown. Engine 
chugging may occur if SPS Pc is 

< 60 psi. 


TION, INTERNAL 
ENGINE FAILURE, 


AV THRUST- 
OFF (failed bank) 


® When fuel and oxidizer press 
decreases to 140 psia, place OXID 


(2) 
14] BOTH He 


© SPS He 


SPS He VLV tb - 


ABNORMAL VLV1 (2) - ON VLVS FAILED FLOW VLV - ECR. 
CLOSED 


@)sps engine operable until engine 
indications require shutdown. Engine 
chugging may occur if Pe is <60 psi. 
Corresponding fuel & oxid pressure is 
=85 psia. 


th OR ONE 
He VLV FAILURE 


©) Open and close He valves 
manually for each burn. 


SM-2A-1461L. 


APOLLO OPERATIONS HANDBOOK 
PROCEDURE 


SYMPTOM REMARKS 


MSFN will monitor redundont He 
prem instrumentation . 


He depletion imminent, SPS 
engine operable until engine 
Indications require shutdown. 
Engine chugging may occur if 
SPS Pe Is <60 psi. Corres~ 
ponding fuel & oxid premure is 
85 pala. 


He PRESS 
LOW OR DECR 


3 | He INSTRU- 
MENTATION 
FAILURE 


When fuel and cxidizer pres 
decrecees to 140 psia, place 
OX10 FLOW VLV ~ DECR. 


GN2 A (8} 
PRESS LOW 


@ SPS PRESS IND w 
~ N2A, (N28), Ho. 


Operation at <350 psi results in 
pertially open bail vivs and 
hazardous engine operation. 


SPS INJ VLV 
PARTIALLY 
OPEN 


@ Operate 
engine on aitemate 
bank 


LEAK OR FAILED 
SNSR 


SPS operable on redundant bank 
if one benk failed. 


| ONE PAIR 
OF BALL VLVS 
FAILED CLOSED 


SPs {NJ VLV IND 
ABNORMAL 


3 @ Continue burn 


MSEN verifies viv 
One open during 
nonethrusting 


One or two clowed 
during burr period | 


(| INSTRUMEN~ 
TATION FAILURE 


INSTRUMEN- 
TATION FAILURE 


(or burn attempt) 


8 | ONE PAIR 
OF BALL VLVS 
FAILED OPEN 


Failed bank should not be used 
except in an emergency. 


INSTRUMEN- 
TATION FAILURE 


SPS oxid line temp 
low? 


HIGH AND YES 


tNCR 
[«] @ SPS LINE 
HTRS - AB 


Tet) incr? 


0) Normal range 45-75°F. 


INSTRUMEN- 
TATION FAILURE 


NO PRPLNT SPS PRPLNT LOW ANDO DECR 


TEMP CONTROL @) Assumes CSM not in inertial hold 


mode which might normally result 
in differences between SPS prpint 
temp ond SPS oxid line temp. 


SPS LINE 
HTRS A INSUFF I 
CIENT OR FAILED 
OFF 


@) Use onid fine temp for SPS prpint 


temp. 


5 | SPS LINE 


HTRS FAILED ON 


SPS oxid line temp 
high? wis 


Prpint temp may be iner by CSM 
orientation or by firing SPS engine. 
At 27°F the propellants become 
slushy and the fuel & oxid ratio 
becomes unpredictable. 


§ TATION FAILURE HTRS 3 & A/B 


FAILED OFF 


SM-2A-14625 
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Cox row Viv INCE ww cornet 
Qperete unter pawver applied 
through @ theuet on signed or 
VLV INCR - through the SPS GITY TEST ow. if 
NORM flow viv position wer chenged by 
Wall F vecends: VLV INCR = the SPS QTY TEST ow, % FUEL & 
« OXID FLOW VLV NORM % OXID quantity readouts must bo 
(OXI FLOW VLV PRIM - SEC Wels see returned t0 original valves. 
PRIM ~ Ried)  OxId FLOW viv e one ute viv 
or ey INCR = INCR 
Bass @ Oxio FIOW viv @) tre secorsery sliding gate viv 
INCR ow = ae mnt be in the nominal flew posl= 


ECR) 
SPS OXID FLOW deired then (rather than INCR or DECR) 
VLV tb correct? before switching te the prim oxtd 
a flow viv or misalignment of the 
secondery viv could meke the 
(3) primary viv inoperative. 


. @s«e viv hes sufficient renge to 
FLOW VLV FAILED compensate for prim viv failure in 
any position and still provide viv 
openings for NCR, NORM or 
DECR oxid flow. 


CD) Asumes ety indicating sys normal. 


$P8 OXIO UNBAL a @ PUG MODE - ©) wei E eeiass 


IND ERRATIC OR "AUX 

poland 25 seconds ofter angine ignition. 

PEGGED | 2 OXID UNBAL This is coused by propellont - 
ind check dynamics. 


@ SPS QTY TEST ~ 
1 for 10 sec, Assure CSM is atl thruating. IF 


then 2 for 10 sec thrust has terminated, proceed with 


step 2. 
yes | OXID UNBAL ind [NO (3 | OXID UNBAL 
normal? ind FAILED Actuation of SPS QTY TEST sw 
here will realign digital displey 


to prim syt. 


Assumes SPS it still thrusting. if 
thrusting terminated before step 1 


SPS OXID (FUEL) LY ® PUG MODE - ts complete, proceed to step 4. 


QTY IND READOUT AUX @ PUG MODE - @)conviere theusting prior to aty 
ABNORMAL PRIM tet 

% OXID (% FUEL) ext. 

readout normal? o SE QTY TEST - 


L 
© Incr % oxid by 
5.0% 


% Fuel iner by . | CAPACITANCE 
2.341%? PROBE FAILED 
e SPS QTY TEST- 1 


© Iner % oxid by 7 


5 | PRIM SYS [6 | Use cum sys 
SERVO AMP FAILED ® PUG MODE « 


UX 


@)sen must now supply any prpint 
quentity data. 
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SYMPTOM 


RCS 


YELLOW 
Light on if; 
PKG TEMP 
< 75°F 
> 2OS°F 
MANF PRESS 
< 145 pet 
>715 pot 


'o SM RCS 
PKG TEMP 
LOW 


<1ISOF 


SM RCS 
PKG TEMP 
HIGH 


> 75°F 


te SM RCS SEG 
FUEL PRESS 
Low 


< 170 pai 


12 
18 SM RCS SEC 
FUEL PRESS 
HIGH 
> 200 psi 


a wee OT Pei 


APOLLO OPERATIONS HANDBOOK 
PROCEDURE 


OSMARCS He 1 BZ 
A (0CD) - CLOSE 
ORCS IND seal ~ 


SM RCS HTRS 
A (OCD) = SEC 


OSM RCS He 1&2 
A (0CD) ~ OPEN aan La] Syrtom veaile 
at ei éhcetd se YES wlth soc hive 
(8CD) FAILED OFF 
eng vive. 
isolate quod NO 
electrically (3) 
& SEC HTRS A System usable 
(8CD) FAILED by orlenterion 


OFF 


INSTRUMEN- § | 9 Je SM RCS HTRS 
TATION : (80) - PRIM 
FAILURE © | system usoble 


[10] Deactivate hirs 
© SM RCS HTRS A 


12] Activane wwe br 


(BCD) - QFF OSM RCS HIRS A 
S175°F9 @SM RCS He 1&2 
NO A (8CD) - OPEN 


© SM RCS He 1&2 
A (BCD) - OPEN 

®@ Orient CSM for 

quod cooling 


116, ORIENTATION 
PROBLEM 


INSTRUMEN~ 
TATION 
FAILURE 


[15] System usable 
with sec hire 


© SM RCS HTRS 
7A (8D) - PRIM 
System usable 


| 20] SM RCS He 


RCS SEC FUEL | NORMAL 


: 1&2 A (CO) - 
PRESS ind? OPEN 
Syitem usoble 
HIGH 


1&2 (BCD) - 
CLOSE 


[22] MSEN verifies INSTRUMEN~ 
He press low ? The Manf grew TATION 
VES FAILURE 
Low 


CLOSE 


A DUAL He REG 
ASSY FAILED 
CLOSED 


MSEN can verify 
by Helium manf 
press, the occurocy 
of the SEC FUEL 
PRESS ind 


27) When sec fuel 
press is <170 pat 


@SMRCS Hel A 


Manf press (fuel) YES 
dec with use? 


CB) S OREN SM RCS He 2 
‘ NO_gTA (0c0) tes assy 
YES : 


FAILED OPEN 


[30 [es RCS He 


@SM RCS He 1A 


SM RCS He I 


1& 24 (BCD) - (PCO) ~ CLOSE 
ont OSM RCS He 2A ‘A (BCD) REG ASSY 
(SCD) - OPEN FAILED OPEN 
ADIN im QD DDD DED Pp DA DA DO MENTA On AM 


rg ec SE, ox. SE eee ae 


REMARKS 


CG) fHumination during boost o- 
immediately following orbit 
insertion may be due to boost 
heating. 


Anticipated PKG TEMP operating 
range is 115+175*F, Sate oper- 
ating range is 55-210°F 


Actuation at <55°F might result in 
eng explosion, Four AUTO RCS 
switches ond both ROT CONTR 
PWR OIRECT switches must be OFF 
to elec isolate the affected quad. 
If there were eng viv octuations 
while PKG TEMP was < 55°F, close 
prplnt isolation vive in the affected 
quad. Reuctivate the quod only in 
emergency, {f quad is reactivated, 
the first pulze on each jet should be 
21 second. 


2) see powered by cb 3 (Quad A, 
C) and ch 4 Quods 8, DY INST 
PWR CONT (pn! 276). 


Use temp of other quads to estimate 
the temp of affected quod. 


Anticipated He operating press is 
175+195 pti...in addition to He 
MANF PRESS, MSFN can reod 
out fuel & oxid manf press of each 
quad, 


G)msen must be used for SM RCS 
SEC FUEL PRESS indication of 


affected quod. 


Quad usable until SM RCS SEC 
FUEL PRESS drop < 75 psi. 
Place SM RCS PRPLNT A 
(BCO) ~ OFF. Firing jets ot 
press < 75 psi may cause eng 
wall burn=through due to 
inadequate film cooling. 


G) A prplat leak will not cause tow sec { 


fuel pressure when He isolation 
vivs are open, 


Relf viv burst disk cuptures ot 220- 
236 pei. Relief vivs open at 225- 
248 psi ond reseots at no less thon 
220 pai, 


@) MSFN must be relied upon for SM 
RCS SEC FUEL PRESS indications. 


(2) SM RCS SEC FUEL PRESS may 
increase to > 200 psia during 
boost until jets ore fired. 


SM-2A~1938E 


cas 


SYMPTOM 


SM RCS He PRESS 
LOW OR DECR 


SM RCS PRPLNT 
OTY LOW OR 
DECR 


CM RCS 1H 


Light on if: 
MANPF PRESS 
< 260 psi 
> 330 psi 


CM RCS 
MANF PRESS 


> 310 psi 


MANF PRESS 
Low 

< 280 psi SYS PRESS 

< BO pai SYS UNPRESS 


CM RCS ENG 
TEMP FAILS 
TO INCR 


Basic Date 
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PROCEDURE 


Compare He 


@ SMRCS He 1 & 2 
A (BCD) - CLOSE 


7] HELIUM LEAK 
UPSTREAM OF He 
SSOL VLVS 


@ SMRCS He 


1&2A (BCD) - 
OPEN 


PRESS ind read? 


@CM RCS PRALNTT 
(2) = OFF 


STREAM OF 
PRPLNT ISOL ViVS 


INSTRUMEN~ 
TATION 
OR DIRECT COM 
CIRCUITRY FAILED §f 


iNSTRUMEN~ 
TATION 
FAILURE 


Check sec fuel 
press 


BETWEEN He ISOL 


# VLVS & CHECK 


VLVS ORON 
OXIDIZER SIDE, 
MFSN CAN 
DETERMINE LEAK 
LOCATION, 


#5 | CUAL He REG 

fo" ASSY FAILED 
OPEN, OR INST- 
RUMENTATION 
Fal 


2! He temp 
confirms He leak? 


HELIUM TANK ff 


ANDO PRELNT ISOt 


Ind work in ony 
position? 


Check sec fuel 
press 
e MR PRPLA] 


A (BCD) - CLOSE 


Press deer ? 


| 9 | -PRPLNT LEAK 
DOWNSTREAM 
OF PRPLNT (SOL 
VLVS 


R LEAK'ON 


OXIDIZER SIDE 


13] ovat Heres | 


“ASSY FAILED 


CLOSED, OR DUAL | 


LEAK. BETWEEN 
CHECK VLVS & 
PRPLNT [SOL VLVS 


@ lsolare quod 
electrically - use 
only in emergency 


He press $600 pia 
@ cb SECS ARM (2) - 
clove 


o SECS LOGIC (2) - 


(up) (locked) 
oe 3 'O ARM 


(2) = on (up) (locked) 


(2) = SAFE (locked) 
© SECS TOGIC (2) - 
OFF (locked) 
@ eb SECS ARM (2) ~ 


@ CM RCS HTRS ~ 
OFF 

@ ROT CONTR PWR 
DIR (both) + OFF 

© RCS TRNFR - CM 

# SC CONT - SCS 

© MAN ATT ROLL 
(PITCH, YAW) - 
ACCEL CMD 

© AUTO RCS SEL - 


@ 


@ 


REMARKS 


Sensors powered by cb 3 (Quads A, 
C) and cb 4 (Quads 8, D) INST 
PWR CONT (pal 276). 


He press con be estimated from 
PRPLNT QTY remaining, or 
obtained from MSFN. 


Differentiation between a hellium 
and prpint leak not determinable 
from onboard instrumentation. 
Subsequent operational capability 
may be determined with MSFN. 


Quad usable until SM RCS SEC 
FUEL PRESS (fuel) drops to< 75 psi. 
Place SM RCS PRPLNT A (BCD) ~ 
CLOSE. Firing jets at press <75 psi 
may couse engine wail burn-through 
dus to inadequate film cooling. 


if prpint leak is at eng viv, firing 
of engine may resuit in an explosion 


Anticipated operating ronge 
285~305 psi. 

Prior to system pressurization, 
MSFN must aid in determining 
failure identification from 
redundant manifold pressure 
instrumentation, ~ 


ALL CM RCS sensors for ring | (2) 
powered by cb I (cb 2) INST 
PWR CONT (pal 276). 


No limit for fow fuel and oxid 
press for safe ang operation (at 
65 pai, thrust is approximately 
29 pounds), 


Ralf viv diaphrogn ruptures at 
332-348 psi, Relf viv relieves ot 
332-360 psi ond resets ot 327 psi 


minimum. 


AIL CM RCS sensors for ring | (2) 
powered by cb 1 (cb 2) INST 

PWR CONT (pn 276). 

System oan be pressurized to normal 
cog prese if He press is >600 psi. 


Degraded sys usable if necessary, 
Leakage may be He or prpint, 
Prpint leakage into CM area is not 
aggravated by use of CM RCS engs. 


Aso last resort, the He systems con 
be interconnected by placing the 
CM RCS LOGIC - on (up) then the 
CM PRPLNT DUMP + on (up) 
momentarily, then OFF, « 
interconnected, syttems cannot be 
isolated and all He could be lost, 


Six RCS engs are instrumented. 
SYS TEST (2) in positions 6-A, B, 
C, D chacks temp in engs 12, 14, 
16 ond 21, SYS TEST (2) in 
positions 5-C and D checks temp 
in engs 24 and 25. 


Htrs sw failure con be verified by 
observing OC AMPS indicator for 
change during me operation. 
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SYMPTOM PROCEDURE REMARKS 


2S cw 


FAILURE 


NORMAL. 
(BOTH IND'S) 


0, (Hy) 
cryo press? 


LOW HI 


YELLOW 
Light on if: | 


Op >950 psio 
<0 psia 
Ho >270 ria 
<220 osia 
oy ( Ha) 
CRYO PRESS 


4 


| INSTRUMEN- 
TATION 
FAILURE 


YES 


[eT oc kon] 


@cb CRYO O» (H,) 


HTR (2) ~ open 
(pnt 226) 
© FC PURG (3)= 


Hl min 20 sec) 


On > 940 pia 
Ho > 265 psia | 


#0, (H,) HTRS 
3 FANS (4) - off 


sere) 


Press continues to O, (2 min) 
°2 
or (if Oa) 
@ DIRECT oO, viv 
~ OPEN (cew) 


NOTE: Do not fet 
surge tk press drop 
< 800 psi 


[3 | Man press cont 


req'd 


@ cb CRYO oO, (Hy) 
HTR (2) = close 
{pol 226) 

AUTO PRESS © 0, (H,) HTRS & 
CONTROL ts: ON 
FAILURE tat 

{as req'd) 


| 10 | Affected tk 
jo | attecte Affected tk 


Ib - 
ean) ro] 20, (%,) RSE Ino [LU 
ZYO PRESS ' Both tke tow?  PNO WIPO? Mp 2, #0, (H,) HTRS 8 
| FANS (2) - ON 


INSTRUMEN-~ 
TATION 
FAILURE 


Ps > AS 
0,< 840 aie réss rises 


Hy < 220 psio | YES 


° oO, (4) HTRS & 


fi4] AUTO HTR 


FANS (4) - AUTO cs CIRCUIT DIODE 
FAILED OPEN 
cycle? 


| Press rises next 


PO (HD HTRS 8 Wes Foc, (Ho) HTRS & 
FANS (4) - ON. FANS @) = AUTO. 
Press increases? 


YES B17] CRYO 
STRATIFICA~ 


TION 


NO 


[20] Man press cont 


req'd for 
affected tk {s) 


° oO, (H) HTRS & 


FANS (4) - ON 
(as req'd) 


13 HIGH 


CRYO FLOW 


CONTROL 
FAILURE 


| ECS | CABIN 
4 PRESS HI 


H ANNED COPY PROVIDED BY oFA RAF T.11 DOCUMENTATION ANY) 


Raci- Nata 17 Julv 1979 Pee Ne ee Dawes 


Q) MSFN may have volid prese signal. 

If O2, a check of surge th press 
will validate cryo tk press within 
high fimite. 


An immediate drop in press upon 
hir/fan operation is indicative of 
stratification, Allow sufficient 
time for press rise indication. 


@) Une unaffected tk to estimate cryo 
press, 


Observation of more than one cycle 
may be necessary. 


©) Rewitant flow rate will be detectable 
in other systems, 
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SYMPTOM PROCEDURE REMARKS 


FUEL_CELL 


FC pump ch's, O2 and H2 flow 


‘ low, Og and H2 reg out prem. 
and 
i FO1 (2,3) eine aya performance ore part of sys 


\ @FC IND sel - (2.3) FAILURE verifleation, but are not monitored 
© Monitor performance by Caution and Warning sys, 
YELLOW by on board read~ 
Light on if: out 
One or more of the six 
monitored functions 
exceeds its limits. 


FC RAD TEMP 
LO th = bp 


D>aTS*F |< 360°F <1SO°F 
HI LOW Low 


02 >1.27 pph 


Ho > 0.161 poh 


HE TCE also abnormai, enter appro~ 
priate TCE procedure (le of Id). 


FC 1 (2, 3) 
SKIN TEMP Hi HTR FAILED ON 


INTERNAL 
tower than other FC FAILURE WFC caren dcr MEET Renee 
= . down Fe temp. Ho purge flow is 0.7 pph. 


Hg purge should be preceded 
whenever possible by = 20 min of 
H9 purge line Tir operation. 
Criticality of operation above 
§ tena SOO°F may preciude this operation . 
Prot ration KIN 
rei cin SNSR FAILURE 
in eventual FC 
failure 


Monitor perfor~ 
mance, other FC SHUTDOWN 
C&WS indications 


Reactivate inline htr on open 
circuit F/C. 
[9 [eer skin ome | 
VLV FAILED IN © FCT (2,3) MN A Maintain Tykin be> 
OVER REGENERA~ ) ~ OFF tween 40°F and 
TIVE POSITION ot 475° by periodic 
€-Decr elect ei open circuiting FC, MASTER ALARM and FC BUS 
radicing Idods.or DISC Its will come on when re~ 
© FCT (2,3) PRG + H2 purge comecting open-circuited FC 
H2 to bus. 


C1 (2, 3) [1] Observed temp FC htrs off 
SKIN TEMP LOW me for ie @ FC} (2,3) HTRS - FAILED IN 
performance ? OFF EXCESSIVE 
FC current decr BYPASS POSITION 
=2.$ amps? 


Ou TSKIN continues to deer, FC 
operation may continue until 


SNSR OR i Monitor V-1-T o Maintain Tox ing =330°F with degraded output. 
CONT néitormanee FAILURE OF FC Sadek by iret 
INLINE HTR 
FAILURE elect londs on 
affected FC 


SM=2A~ 19668 


= Se —~— ~~ oP we, 


des coan 


APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE 


FUEL CELL 


FC? (2,3) MOD 
COND EXH 
TEMP HI 


Rate of incr 
>10°F per minute? 


stabilizes <215°F? 


TSKIN iner 
relative to other 
FC's? 


SENSOR 
BOR SIG COND 
FAILURE 


Initiate 5 min 
H2 purge 


SENSOR 
OR SIG COND 
FAILURE 


REMARKS 


@ Cyclic overheats to 250°T may -¢ 
tolerated. Use H2 purge to prevent | 
steady state Tee from exceeding 

GLYCOL 225°F ot 25 omps. 


PUMP FAILURE 


©) If possible, Hz PURGE LINE 
HTR should be ON (up) 20 


min prior to purge. 


Open circuit FC! 


(2,3) 
@FCT (2,3) PUMPS ~ 


QFE 
FC 1 2,3) HTRS ~ 
QEE 


@Maintoin Tekin 
> 30°F & <475°F 
by periodic load 
operation 


COOLANT 8/P 
VALVE FAILED IN ete 
OVER REGENERA- Shoo 
TIVE POSITION 2 
OR FLOW 
RESTRICTION 


FC usable, maintain 
225°F & -TSKIN 

F & <475°F by Ho 
purging for ‘cooling, water 
removal and open cit if 
reqd. 


© 


FC load changes may affect rates 
of temperature chonge. 


If coolant pump failure is com 
firmed by MSFN reporting rod 
in and rad out temps converging, 
tucn FC PUMPS + OFF fo 
otected FC, me 


Lom of glycol pump will resuit in loss 
of Hz pump due to overheating. H2 
pump los will result in in-line hfr 
burn out if used. 


MASTER ALARM and FC BUS 
DISC its will come on when re- 
connecting open-circuited ro 
to bus. 


MSFN can determine if reduce J 
flow condition exists. 


(1) Low Tog it no restriction to FC 
operation if rad out and TsKIn: 
are maintained within limits. 


CLOSE TSKEN hi and/ 


or rising ? 


(= 40% Ane) 


FC Hy PUMP 
OPEN CKT (2) IF Hy pump is not running, inline 
FAILURE © Open ckt FC! (2, htr will bum out if used. 


FC 1 (2, 3} COND 
EXH TEMP LOW 


eb's FC 12,3) 
PUMPS AC? 


FC 


cb FC 1 (2,3) 
PUMPS AC ~ OPEN 


FC 1 (2, 3) RAD 
TEMP LOW 
tb - bp 


RAD TEMP 
SNS@ FAILURE 


ae 


5 1V-I-T perfor 
L mance normal and| NO 


compatible with othe 
FC's? 


3 

@ FC FT (2,3) HTRS ~ 
OFF 

@ Maintain Tskin 
>380°F & <475°R 
by periodic toad 
operation 


£12) 
Vel T 
yes PERFORMANCE LOW 


o FC COND EXH 


NO 17 | te¢ cycles NO 
7] cee SNSR FAILURE 


greater than other 
FC's following load 
changes or 
Ts xin deer in 

) min? 


loads and/or orient BYPASS VLV 
CSM FAILED IN EXCES~ 
SIVE B/P POSITION! 


Toe > 75°F 


@ Orient rad 
pal 8 (+Z axis} 
toword sun 


Rod heat rejec~ 


tion excessive 


Uncorrected con- | for elect loods 


dition could result 


in loss of af! FC's jeincr elect loads 


MASTER ALARM and FC BUS 
DISC Its will come on when re- 
connecting open-circuited FC 
to bus 


Since continuous operation with 
tad out temp <-30°F moy result 

in rod freezing or high pressure 
drop and pump stall, consideration 
may be given to rad bypass. How~ 
ever, this procedure may be an 
ireversible action, 


Performance may be improved due 
fo electrolyte dehydration. 

Yol tage should be maintained 
within limits. 


Sines continvous operation with 
tod out temp <~30°F may result 

in rad freezing or high pressure 
drop and pump stall, consideration 
may be given to rad bypass. How~- 
ever, this procedure may be an 
irreversible action. 


Use other FC rad out temp's for 
confirmation or MSFN can 
confirm snw failure from FC rad 
inket temp's, 


SM~2A-1967F 


SYMPTOM 


FO 1 (2, 3) 


pH HE 
th - b: 


FC 1 (2, 3) 
Og (H2) FLOW 
HI 


C1 (2, 3) 
Op (9) FLOW 
LOW 


FC REG Op (H9) 
OUT PRESS 
HI 


Basic Date 


APOLLO OPERATIONS HANDBOOK 


[1] Fo 1 (2.3) 


curmat dace 
continusly or near 
zero? 


8 times Ho FLOW 
ind? 


eFC 1 (2,3) ARG 
~ 03 (H) then OFF 
2 of 3 times 


FC 1 (2,3) 


02 FLOW ind 
8 times He FLOW 
ind ? 


NO (ONE LOw) 


[6 ‘Check O2 (H3) 
REG PRESS 


REG PRESS low or 
decr? 
NO 


SYS TEST (2) - 
JAM, IC(N2 press 
1Q, 2A, BHO» press 
20, 2D, 3A(H2 press 
Ho(O9) - N. 

>b9 vide CF si) ? 


PROCEDURE 


je SYS TEST (2) ~ 
LA, LB, LC (No press 


Amps correspond to 
FC flows? 


YES (BOTH LOW} 


FC purge will couse 
@ decr in press ond 
possible FC floading 


tinuously or near 
reo? 


means of deter 
mining pH. Monitor 
FC performance and 
REG OUT PRESS 


ble. Monitor V-I-T 


performance ond cryo 
veoge for decision to 
twtdown FC 


minds decision to 
shustdown FC 


FC SHUTDOWN 


FC SHUTOOWN 


FC SHUTDOWN 


REMARKS 


Do not purge FC If flooding 
1s suspected. Plugging of 


common vent line may resuit, 


Isolate potable H20 tk for 
40 min to direct contominated 
HzO to waste tk, 


Ha purging will result and O2 
purging may result in FC C&WS 
olonm, 


_ amps x 2 
FC O02 FLOW = —— 


= amps x 2.5 
FC Ha FLOW = SS 


An accurate magnitude of the 
Internal short con be determined 
from the reactant flows when the 
FC Is on open ckt, 


FC reactant conversion efficiency 
will continue to degrade with time, 


Future purges may resuit in high 
flow, 


FC flow and press instrumentation 
powered by INST PWR CONT ch's 
(pn 276). 


Flooding is most probable coves. 
folate potable tank to direct 
pomible contuminated H50 to 
waste tank until FC condition is 
positively determined. 


If reactant AP drops to less than 
2 psi above Nz, shut down FC to 
aveid flooding. 


Other reactant Indicator may be 
used for affected flow indication. 


pti Hi th may Indicate bp. Hf so, 
hholete potable H7O tank for 

© min. to direct contaminoted 
HO to waste tank, 


Foliure of No regulator will aise 
Ho, O2, and N2 press but not 
dangerously, FC should continue 
fo operate at new press with slight 
performance change. Hest trance 
for will not be affected by incr in 
occunylotor press. 


5-92 


SYMPTOM 


cb FC 1 (2, 3) 
PUMPS AC ~ 
OPEN 


FC 1 (2, 3) V-t-? 
PERFORMANCE 
Low 


SM2A-03-BLOCK II-J-(2) 
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Attempt reset 


ecb FO 1(2,3) PUMPS 
AC + close 


YES 


FAILURE 


[4] Continue FC 
operation 


Transient caused 
cb to open 


te VeloT 
performance NO 
of all FC's Potable & waste 
tones full ? 


@ Record V-I-T for 
each FC 

Compare with 
V-I-T curves 


ro 


NO WASTE H20 OVERBOARD 
(i FC LOW) DUMP NOT DRAINING 


[6] paw TFC] TEMPORARY 
YES DEGRADATION 


Joa PURG LINE HTR- IN FC 

20 (up) 20 min PERFORMANCE 
prior to purge 

FC 1, (2,3) PURG - 

Qg for 2 min then - 


FC 1, (2,3) PURG ~ 
H2 for } min 20 sec, 
Then OFF 


improved ? Continue purging 


NO as fong as improved 
performonce results 


[13] Affected FC [14 | Currents corre+ 


current output YES YES 
much lower thar other 
FC's and TSKIN % oF 
lower? 


@) 


DE [17 | open ck? offected FC 
FAILURE © FC HIRI, (2, 3)» OFF 


@ DC IND SEL - Fe f 1%, 3) 
© Open ckt affected FC 


(momentarily) 


FC SHORT 
(FC FLOW) 


FC PUMP 


(H2 OR GLY) 


FCI (2,3) HTRS ~ 


QFE 

le Maintain Tekin 
> FOO°F & <475°F 
by periodic load 
operation 


Ho PURGE LINE 
HTR = on (up), 20 
min prior to purge 
FC 1,2,3 PURG - 
09 for 2 min then ~ 
F 
eFC 1, 2,3 PURG = Ha 

for 1 min 20 sec the 


oF YES 


Performance improved! 
on all FC's? 


NO 


8 | DC voit check 


# DC IND se! - 
Bare 


YES 


Voltage 34-38V? 
NO 


BE VOLTS IND 
FAILURE 


[15 ) iNTERNAL EC 


FAILURE 


Continue purging as 
long os improved 
performance results 


| 5 | CONTAMINA- 
TION IN REAC~ 
TANTS OR PURGE 
INEFFICIENCY 


OC AMPS IND 
FAILURE 


[12] Monitor perfor~ 
mance by com- 
paring with other 
FC's. MSFN pro- 
vides V&I informa- 
tion for V-l-T check 


If FC current dece 
to 5 omps, shut 
down FC 


Lers_| 
Sst | 
FC SHUTODWN 


(6) 


ie] uameree 
CIRCUITRY SHIFT 


THis SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


PROCEDURE REMARKS 


This condition will reeuit in lew 
Teg ond/er high Texans 


Ht shee loot since power is con nen 
to pumps. 


MASTER ALARM and FC BUS 
DISC Its will come on when re~ 
connecting open-circulted FC 
to bus. 


Hf both potabie & waste H. 

tanks ore full, pomible freezing 
of wets HoO dump line may be 
coune. 


Verify purge flow by incr in 
raactant flow, 


Ammeter accuracy con be verified 
by FC reactant flow 


FC Op flow s—men 2 


If only 2 FC's are in operation, 
both FC's should be tied to both 
buses for this check. Time must be 
allowed for TsK iN to stabilize. 


® MASTER ALARM ond FC BUS DISC Itt 
will come on when reconnecting open= 
circuited FC to bus, 


G) Use reactant flow rates to estimate 


current, 


SYMPTOM 


YELLOW 


Light on If: 


OC volte cas 


MN BUS A(8) 
INDICATES 


SM2A-03-BLOCK II-J-(2) 
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ww thould be held ot 
RSET only momen=- 
tery leet possible 
overvoliage be 
applied to syste 
components . 


@ AC 1(2) RSET ~ 
rset 


AC BUS 1(2) OVER- 


LOAD It stay on or 
come on again? 


NO 


o TRANSIENT 
OVERLOAD TRIP 


[20 | OC volts ind ck 
DC INDsel- [YES 


UND FAILURE A 


[rolac sus 12) 


OVERLOAD It ~ on? 


Lek 


= | 
eR 
BH 


a 


[23] 5 remove 


inverter from 
affected MN BUS 


Amps still high? 


| 
a 
3 


@ DC IND tal = 


MN A(8) 


OC vols < 267 


24] INVERTER | 
SHORTED 
INTERNALLY 


PROCEDURE 


U4] be UNveR- 

VOLY SNSR.OR . 
C&WS FAILURE F 
(1) (2) 


3 | ransent 


@ MN A(B) RSET ~ 
RSET 
MN BUS A(B) 
UNOERVOLT 
It ~ stay out? 


OVERLOAD AND 
DC UNDERVOLT 
SNSR FAILURE 


BUS SHORT 
ISOLATION 


[2s | @ Replace with 
redundant inv 


REMARKS 


Open ob's may remit, 


Reset AC sensor to extinguish AC 
WS It. 


@ Light comes on when AC current 
exceeds 27 ompe (3 photes) or 
Ti amps (single phase). AC BUS 
OVERLOAD It may rece from 4 to 
20 sec to come on after AC BUS | 
(2} It on, 


@ Remote probability. 


6) Placing AC BUS 1 or 2 RSET aw to 
RSET and relecsing insures o 
ALARM pb/its = on, 


© Original inverter may be used but 
will not have OVERLOAD warning. 
AC bus | (2) should be reset to 
provide overvoitoge protection. 


M 
SMa2k-1 9700 


APOLLO OPERATIONS HANDBOOK 
PROCEDURE 
a @) 
fel acvom a] fe] tree | 


ves 
@ AC IND sel ~ YES @ AC 1(2) RSET - 
RSET 


SYMPTOM 


® Pocing AC BUS I or 2 RSET ow to 
RSET ond releasing inwres a 
MASTER ALARM pb/Its - on. 


130 | TRANSIENT 


AC UNDER 
VOLTAGE 


wus} i 


AC BUS 1(2) it~ 
AC volts norma! thay out? 
(113 to 117)? 


i @ w © 


Subsequent auto inv disconnect for 
averveltage tast. If pw left ON, 
overload indication available but 
overvoltage moy not provide outs 
Inverter diteonnect. 


RSET ~ OFF if BAT 
8US A or Dompe 
>.0 


@ AC 1(2) RSET - 2 | 
RSET 
Trold while noting 


voltage, any phose) 


34} ac susic) tyes _ [035] TRANSIENT 
It + stay out? OVER+VOLTAGE 


NO 


[36 | @ Reploce with 
redundant lov 


39} INV OVER- 
VOLTAGE FAILURE 


Subsequent auto inv disconnect for 
overvoltage and undervoltage 
indication lost. Overload 
indication unaffected. 


OVER VOLT+ 
AGE SNSR CKT 
FAILURE 


SENSOR UNIT 
AC | (2) - open 


AC BUS | (2) 


VOLTAGE LOW @) AC BUS OVERLOAD it may toke 


from 4 to 20 sec to come on after 
AC BUS } (2) ton. Light comes 
on when AC current exceeds 

27 amps (3 phase) or 11 amps 
(tingle phose), 


indicate same 
voltage? 


fo ONE PHASE 
OVERLOAD 


AC BUS 1 (2) [YES 
OVERLOAD It = on? Whenever AC BUS ! 
(2) lt ond AC BUS I 


(2) OVERLOAD It 


ere both on, inverter 
must be disconnected 
from AC bus } (2) 
and MN A (B) within 
5 se¢ to preciude 
Inverter failure. 


AC BUS 1{2} 


VOLTAGE HIGH | 


> V7 voe 


@ AC I (2) RSET ~ 
SET 


AC bys I (2) it - 
stay out and voltage 


non ? 


If wited, verify 
redundant suit com 
premor operating 


UNDER~VOLTAGE 
FAILURE 


BUS SHORT [eps | 
ISOLATION [ssr-2 | 


O) Refer to checklist for inverter 
changeover, 


INV T (2,3) 
TEMP Hi redundant inw ond 
tum original 


inverter off. 


INV 1 (2,3) TEMP 
HE It = out within 
15 min? 


TEMP HE INSTRU- 
MENTATION. 
FASLURE 


Li] Gly evap prim 
{sec) out temp hi? 


Inv usable but no high temp 
indication availabie. 


PRIMGLY SEC GLY 
EVAPOUT EVAP OUT 
TEMP HIGH TEMP HIGH 
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SYMPTOM PROCEDURE REMARKS 


Q) 0) MASTER ALARM and FC BUS DISC 


Its will come on when reconnecting 


[1] FC tb's te MN. BUS A(B) 3 | FC DISC MOT Reconfiqure FC open~ circuited FC to bus 


indicate a disconnect he UNDERVOLT It = SW SNSR FAILURE @ Affected FC.~ 
on? other MN’ BUS 


= @ Assure two FC on 
© MNA and one FC 
| on MNB 


YELLOW 


Light ~ on 
Overload >75 amp 
Rev current>4 amp 
(Assumes 
FC 1,2 = MNA and 
&C 3 + MNB) 


@ During actual overloads, the MN 
BUS UNDERVOLT It may be on 
as lang as 20 see before the 
FC BUS DISC It. 


CAV FAILURE 
¢ 


FC 1 (2, 3) 


HI 10] ree ciecuit 
comps 3% 0 or hi? SHORT iN 
UNDERVOLT It on DISCONNECTED FC 
at same time 7 


eps-Po! 
rT 


MN BUS A(B) FUEL CELL 
UNDERVOLT SHUTDOWN 


SUSPECTED [1] Amps correspond [2 | Ck high load 
HE CURRENT to Oy & Hy flow? equipment 
FOR CSM 


@ RAD PRIM HTR ~ 
CONFIG (17 amps) . ECS tod htrs operate: 


RAD SEC HTR = 


CZ. omps +1 Zomps) RAD PRIM OUT 
Og HTRS + TEMP <~15°F 


(11_omps) 
FC HTRS ~ RAD SEC OUT 
(6 ornps/FC) TEMP <+45°F 
SM RCS HIRS ~ 
(2.5 omps/quad) . Cryo htrs & fans operate: 
Ck pumps, 
sompr's, fans, and| 
other operating 
equipment for 
degradetion 
BUS SHORT . FC htrs operate: 
ISOLATION 

oy 
SSR-2 Ty 1380 F 


07 < 865 psia 


Hos 225 psia 


5M RCS hirs operate ot pkg 
temp: 


PRIM <1IS°F 
SECS 115°F 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 
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t 


SYMPTOM 


PWR DISTR 


BAT BUS A(8) 
CURRENT >1.0 
WITH MN, 8US 
TIE (2) ~ OFF 


FC th's ALL GRAY 


SPECIAL 
SUB 
ROUTINE 


FUEL CELL 
SHUTOOWN 


PROCEDURE 


BAT CHGR OR 
CHGR CONT 
RELAY FAILED 


4 | BAT RLY BUS 
SHORTED 


BUS SHORT 
ISOLATION 


@ ch PYRO A(8) SEQ AGB) ~ 
@ ch PYRO A(®) BAT BUS 
ve 


Als) « 
i 


SM2A-03-BLOCK II-J-(2) 
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FAILED (AND 
ORIG BAT LOW) 


Current still >1.07 


3 ] MN BUS TIE 
MOT SW FAILURE 


IND sal ~ PYRO BAT A(B) 


‘eo 
e erty BS volts # BAT BUS A(B) 
e OCI U 


10 sel - 


1(2,3)HTRS » OFF 
FC 1 (2,3) PUMPS - OFF” 
c (2,3) pure ee open 
(2,3) REACS - 


BAT BUS 
AQ) SHORTED 


13 | OPEN CKT IN 


BUS SHORT 
ISOLATION 


Relieve press on KOH of faulty 

FC of TSkIN S200°F 

Ho PURG LINE HTR - (on up) 

26 min prion to purge 
@ ©C 1 (2,3) PURG = O27 

FC 1 (2,3) PURG =H? (when O7 

approaches stable value) 

FC 1 (2,3) PURG ~ OFF (efter Ho 

opprooches stuble value) 

Ha PURG LINE HTR - OFF 


REMARKS 


Affected bottery might still be 
charged throught BAT TIE cb's 


©) Battery charging capability lost, 


Sct bus current will be<1.0 amps 
for all mission phases except: 


Prelounch K3.0 amps) 
+ | Boost & insertion 
. &V maneuvers 
Deorbit & entry, 


Ifa, b & ¢ betts on MN bones, 
cycling MN bus tie switches may 
correct the problem. ff not, MN 
bus tle will have to be accemplished 
by cb action, May have to chonge 
battery through other battery bus. 


‘O) Not velid after CM/SM separation. 


0) It 1s crew option to leave a main 
battery connected to a knawn short 
to retain redundant pyro circuit 
capability. If de anpe>30, expect 
cb PYRO A(8) BAT BUS A(B) to 
open within 1 to 5 min and loss of 
redundant pyro circuit, 


FC will not reach Tsicipy = 20°F 
for approximately 24 hours. 


KOH will be solidified ot 

Top S200°F. The press is 
relieved to reduce the possibility 
of corrosive fluid Seaking into the 
SM and to insure sealing of the 
check viv, isolating the potabic 
water from the FC. 
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SYMPTOM 


SSR-2 


BUS SHORT 
ISOLATION 


Remove ail 
equipment from 
affected bus 


Individually 
close equip cb’s or 
sws while manitor- 
ing FC current 


15} @ inv 1(2)- 
to affected bus 


AC BUS 1(2) 
OVERLOAD It on? 
YES 


AFFECTED 
AC BUS LOST 


@ INV 1- OFF 
@INV 1ACT- OFE 
@ SUIT COMPR -AC2 
@ FDAISEL -2 


@S BO XPNDR -SEC 
@FC 1 PUMP-AC2 
@ GLY PUMPS - 2 AC2 
@ 8MAG 1 PWR- OFF 
@ G/N PWR -AC2 


AC2 
INLET temp > 40°F 


@ BAT CHGR - AC2Z 


EPS/CRYO 
@ Tank 1H? & QO? fans 


sig condr (BC) 
ECS 
© Cabin fan 1 


bypass viv (BB) 


(BC) 
Scs 


@FDAI 1 


CMD) 
@ Min imp (8A) 
@ RHC 1 MTVC (BA) 


@ Auto AV (8A) 
GPI (8A) 


press for ind No 1 (#A) 
LIGHTING 
@FDAI 1 
@ EMS numerics & grid 


@ OSKY numerics (pnl 2) 


229, 275 
@ Sys 15M running Its 
(8 elements) & EVA It 
(1 element) 


9 | AC1 BUS reconfiguration 


@ BMAG MODE (3) - RATE 2 
@S BD PWR AMPL PRIM 


@ SiG CONDA/DR BIAS PWR 1 - 
@ Maintain GLY EVAP TEMP 


e@ RAD FLOW CONT AUTO - 2 


33) AC1 BUS non-transferable 


@Tank 1 H2 & O09 qty & temp 


@ Man cont prim evap stm viv (QC) 
@ Auto cont prim gly cont viv (@A) 
@ Sec loop evap cooling (BA) 

@ Elect cont suit heat exch gly 


@ Red flow contr 1 & rad isal vivs 


@GOC (all modes except RSI) 


@BMAG 1 (ATT HOLD, RATE 


@ Rate cmd prop att cont (BA) 
@No 1 pitch & yaw needles on 


@ Sil fuel & SIVB fuel & oxid 


@ Mission timer numerics (pal 2) 


@ EL for pnis 1 thru 9, 15, 16, 


PROCEDURE 


BAT RLY BUS 


Affected bus? 


Whenever AC BUS 
1{2) It and AC BUS 
1(2) OVERLOAD 
It are both on, 
inverter must be 
disconnected from 
AC BUS 1(2) AND 
MNA (B) within 

5 sec to preclude 
inverter failure. 


Return to 
original configura- 
tion. Close ch’s to 
| isolate affected 
equip. 


AC2 BUS reconfiguration 


@ INV 2- OFF 

@ INV 2AC2-QEE 

@ ELEC PWR -ECA 

@ Verify OMNI in proper config- 
uration for MSFN 

@FC2&3 PUMPS - ACI 

@ BMAG 2 PWR - OFF 

e@FOAISEL- 1 

@ SIG CONDR/OR BIAS PWR 2- 
Al 

e@ BMAG MODE (3) - RATE } 

@ Activate SEC COOL LOOP 

@ Shut down PRIM EVAP 


“SEC 


iz AC2 BUS non-transferable 


EPS/CRYO 

@ Tank 2H2 & O92 fans 

@ Tank 2H? & O2 aty & temp 
sig condr (8C) 

@ AC utility outiet (pni 201) 

ECS 

@ Cabin fan 2 

@ Prim evap temp cont unit (A) 

@ Auto cabin temp cont unit AC 

pig flow contr 2 & isol vivs(@C) 


e@MTVC (RATE CMO, ACCEL 
CMO) 

@ Prop rate cmd (TVC, ATT 
CONT) 

@FDAI 2 

@BMAG 2 

@ RSI (AA) 

@ GDC (BA) 

@ Auto AV (TVC) (8A) 

© Ordeal 

@No 2 pitch & yaw needles on 
GPI (BA) 

@ Sti fuel & SIVB fuel & oxid 
press for indicator No 2 (@A) 

LIGHTING 

@ EMS roll att & scroll Its 

@ Mission timer numerics 
(pnt 306) 

e@ OSKY numerics (pni 140} 

@ EL for pris 10, 100, 101, 122, 
226, 306 

@ Sys 2 CM running Its 
(8 elements) & EVA it 
(1 element) 

@ Docking target & spot It 


ged \eicragac,, Epatont .t 17 July 1970 Plein Ba Waka. 


REMARKS” 


Bat chgr to 
bat bus 


@cb ENTRY/PL 
BAT A - open 
(pnt 250f 

@ cb BAT RLY 
BUS BAT B - 
open 

© BAT CHG -A 

@ DC IND sel - 
BAT CHGR 


Bat chgr 
amps > 0? 


YES 


C1) ‘oO if short circuit amps < 2.0, it 
is a crew option to maintain bat 
relay bus powered to retain AC 
bus sensors and FC overcurrent/ 
reverse current protectian func- 
tions. increased battery recharge 
cycie may be required. If short 
Circuit >2.0 amps, close bat 
relay bat A or bat B ch's only 
when required to operate equip- 
ment connected to bat relay 

bus. 


8 J Current drain 
on BAT RLY BUS, 
Bus loss depends on 
magnitude of current 
drain 


isolate BAT 
RLY BUS from 
BATA&B 


@cb BAT RLY BUS 
BAT A - open 

e@cb BAT RLY BUS 
BAT B - open 

@ Return BAT RLY 

BUS load to 

original config 


transferable loads 


EPS/CRYO 

@ FC reacs vivs, latch 
ckt & tb's 

@ FC rad bypass vivs 
& th’s 

@ FC to bus cont 
& th's 

@ DC undervolt 
sensing if CW 
NORM - ACK 

@ AC overfundervoit 
sensing & CW It 

@AC ovid CW lt (if 
CW NORM - ACK) 

@ inverter cont 

(DC & AC) 


SM-2A-2248 
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SYMPTOM 
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close equip cb’s ar 
sws while monitor- 
ing FC current 


FC 1(3) 

@ FC 1(3) MN BUS 
A (B)- on 
(momentarily) 


NO YE 
DC amps > 25? 


| 18 | MN BUS A reconfiguration 


@ FC 2,3 -MNB only 
@ FC 1 MNB - on (up) (if reqd) 
e@FC1MNA- OFF 


@ SUIT H20 ACCUM AUTO -2 
e8MAG MODE (3) - RATE 2 
@FDAISEL -2. 


@ URINE DUMP -HTRB 

@ WASTE H20 DUMP-HTRB 

@ RHC PWR DIR 2- MNB 

@ AUTO RCS SEL (16) - MNB 
(as read) 

@ RAD PRIMHTR- 1 

@ RAD FLOW CONT AUTO -2 

@ SPS LINE HTRS - A/B (as 
reqd)} 

e@SCS TVC (2) - RATE CMD 

e@ Use RHC’s for RCS dump, not 
CM PRPLNT DUMP sw 


| 20| MN BUS A non-transferable loads 


EPS/CRYO 

e@ Tank 1 Ho & 02 htrs 

@ inverter 1 pwr 

@ Utility outlets (pni 15 & 16) 

e@ Tank 1 02 vac-ion pump 

Ecs 

@ C09 PP ind, CW It & PSM 

@Prim 2 rad hir cont 

e Rad flow contr 1 & auto select 

@ Rad isol viv man set 

@H20 accum 1 auto & man 
cont 

@ Urine & waste H70 dump 
htrA 

@ Steam duct htrA 

@ Sec rad htr cont 

@ Sec rad in & out temp ind & 
PCM 

RCS 

@ CM sys thtrs 

@CM sys 1 fuel & oxid purge 

@ CM oxid interconnect 

@ CM fuel/He interconnect 

@ CM sys 1 prpint dump (42 sec 
TD) 

@CM sys 1 prptint isal viv & th 

@SMB&D Hel & 2 isolviv& 


tb 

@ SMB & D prim/sec prpint isol 
viv & tb 

@SM B & 0D sec fuel press isat 
viv 

@SM B & D htrs 

@ Transfer mot sw 1 

SPS 

@ Pitch & yaw (prim) gmbi mots 

@ Enable pwr soi driver 1 

eHevivi& tb 

@ Pilot viv 1&2 


@ Prim pilot pre-viv 

@ Line htrsA 

@ PUGS test 

Secs 

@ FDA! 1 total attitude 

e@ GDC (except RSI} 

e@BMAG 1 htr & CW temp It 
(eventually lose BMAG 1 as 
temp decreases) 

@ Auto coils CM RCS 1 (if prior 
to CM/SM sep} 

@ Direct ullage yaw D3 & B4 

@ Auto AV 

@ Auto attitude hold 

@ Rate 1 MTVC 

@ RHC pwr dir 1 

a. MNA/MNB to half of jets 
b. MNA to ail jets 

@ RHC pwr dir 2, MNA/MNB to 
half of jets 

LIGHTING 

@ RH girth shelf flood (fixed 
mode} 

@ RH couch flood (fixed mode) 

@ LH girth shelf flood (variable 
mode) 

@ LH couch flood (variable 
mode) 

@ LH & RH strut flood (variable 
mode) 

@ LH optical align sight 

@ Rendeavous It 

e Sys A tunnel its (6 elements} 

DISPLAYS & CONTROLS 

e Mission elapsed timer (pni 2) 

DOCKING 

@ Sys A probe connector 
{however A & B connectors 
may be switched) 


PROCE DURE 


REMARKS 


(2) MASTER ALARM and FC 

BUS DISC Its will come on when 
reconnecting open-circuited FC 

to bus. 


@ Place two batteries on 
remaining bus for SPS maneuvers. 


I 19} MN BUS B reconfiguration 


@FC.1, 2-MNA only 

@ FC 3 MNA - on (up) (if reqd) 
e@FC3 MNB- OFF 

@ INV 2AC2- OFF 

@ INV 2-QFF 
@INV3-MNA 

@ INV.3 AC2 - on{up) 

ecb MNB BAT BUS B - open 
e@cb MNA BAT-C - close 
@BMAG MODE (3) - RATE 1 


@ RHC PWR DIR 1-MNA 

@ AUTO RCS SEL (16) - MNA 
(as reqd) 

@ ELEC PWR - ECA 

@ RAD PRIMHTR -2 

@ RAD FLOW CONT AUTO -1 

@ Use RHC’s for RCS dump, nat 


CM PRPLNT DUMP sw 


El MN BUS B non-transferable ioads 


EPS/CRYO 

@ Tank Z Ha & O92 htrs 

@ inverter 2 pwr 

e@ Utility outlet (pni 100) 

@ LM power 

@ Tank 2 09 vac-ion pump 

ECS 

@ 09 high flow CW It 

@ Prim 1 vad htr cont 

@ Rad flow contr 2 

@ Prim rad in temp ind & PCM 

@H20 accum 2 auto & man 
cont 

@ Urine & waste dump htr B 

@ Steam duct htrB 

RCs 

@ CM sys 2 htrs 

@ CM sys 2 fuel & oxid purge 

@ CM fuel interconnect 

@ CM oxid/He interconnect 

@CM sys 2 praint dump (42 sec 
TD) 

@ CM sys 2 prpint isol viv & tb 

@SMA&C Hel & 2 isol viv 
& th 

@SMA&C prim/sec prpint 
isal viv & tb 

@SM A&C sec fuel press isol 
viv 

@SMA&C htrs 

@ Transfer mot sw 2 

SPS 

e@ Pitch & yaw (sec) gmbi motrs 

@ Enable pwr sol driver 2 

e@Heviv2 & th 

© Pilot vivs (3 & 4) 

@ Line htrsB 

© Sec pilot pre-viv 
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Scs 

@FDAI 2 total attitude 

ecoc 

@ BMAG 2 htr & CW temp It 
(eventually lose BMAG 2 as 
temp decreases) 

@ Auto coils CM RCS 2 (if prior 
to CM/SM sep) 

@ Direct ullage pitch C3 & A4 

@ Auto AV (maybe degraded) 

@ Min imp increased tox42 MS 

@ RSI 

e@ Ordeal 

@ RHC pwr dir 1, MNA/MNB to 
half of jets 

@ RHC pwr dir 2 

a. MNA/MNB to half of jets 
b. MNB to all jets 

LIGHTING 

@ LH girth shelf flood (fixed 
mode) 

@ LH couch flood (fixed mode} 

@ LH & RH strut flood (fixed 
mode) 

@ RH couch flood (variable 
mode} 

@ RH girth shelf flood (variable 
mode) 

@ RH optical align sight 

@ Sys B tunnel Its (6 elements) 

@ Spotlight door initiator 

DISPLAYS & CONTROLS 

@ Mission elapsed timer (pni 306) 

DOCKING 

@ Sys B probe connector 
(however A & B connectors 
may be switched) 
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SYMPTOM PROCEDURE REMARKS 


SSR-2 (CONT) 


Bat chgr to 

bat bus original configura- 

@cb ENTRY/PL tion. Close ch's to 
PWR BAT A(B) - isolate affected 
open {pni 250) equip. 

ec aaT RLY 
BUS BAT A(B) - 
open 

BAT CHG -A(B) 

@ DC IND sel - A BAT BETWEEN 
BAT CHGR BAT A(B BAT AND BUS tied to main buses. This prevents 

current > 0? OR BAT CUR- possible disconnect of ECS radi- 


RENT INST ator heaters by a false overload 
FAILED signal. 


@) @) if cb RAD HTRS OVLO BAT 
A and/or BAT B are apened to 
reduce battery drain, they should 
not be closed untess batteries are 


DRAIN ON 


Current drain 
on bat bus (bus joss | BAT BUS B 
depends on magni- 
tude of current 
drain) 


BAT BUSA 


BAT BUS A recontiguration 


@ ECS RAD HTR - PRI 2 


BAT BUS 8 reconfiguration 


PRI2 @ ECS RAD HTR - PRI 

@cb PYRO A/SEQ A - open @cb PYRO B/SEQ B - open 

If MN BUS TIE BAT A/C is If MN BUS TIE BAT B/C is 
closed: closed: 

ecb MNA BAT BUS A - open ecb MNB BAT BUS B - open 
@ cb MNB BAT € - open (verify) ech MNA BAT C - open (verity) 
For subsequent Main Bus ties: For subsequent Main Bus ties: 
@cb MNA BAT C - close @cb MNB BAT C - close 


@ MN BUS TIE BAT B/C - on 
(up) 

If MN BUS TIE BAT A/C is open: 

@ch MNB BAT BUS B - open 

@ cb MNA BAT C - open (verify) 

@ MN BUS TIE BAT B/C - on 
(up) 

For subsequent Main Bus ties: 

@cb MNA BAT C - close 

@cb MNB BAT BUS B - close 


BAT BUS A non-transferable 


loads 


EPS/CRYO 

@ Mn bus tie bat A/C mot sw 

ECS 

@ Prim rad 1 htr ovid sensor 

RCS 

@ SECS auto RCS trfr to trnfr 
mot sw 1 

SPS 

@ Pitch & yaw (prim) gmbt mot 
cont 

$$ 

@ AUTO RCS SEL MNA (if not 
previously enabled) 

SECS 

@ SECS & ELS sysA 

@ Float bag compr 1 

@ Float bat 1 mot sw & cont viv 

@ EDS voting jogic 1 


@ MN BUS TIE BAT A/C - on 
(up) 


If MN BUS TIE BAT B/C is open: 


@ ch MNA BAT BUS A - open 

ech MNB BAT C - open (verity) 

@ MN BUS TIE BAT A/C - on 
(up) 

For-subsequent Main Bus ties: 

@cb MNB BAT C - close 

@ch MNA BAT BUS A - close 


30 BAT 8US B non-transferable 


loads 


EPS/CRYO 

@ Mn bus tie bat B/C mot sw 

ECS i 

@ Prim rad 2 htr ovid sensor 

@ Sec rad htr ovid sensor 

RCS 

@ SECS auto RCS trnfr to trnfr 
mot sw 2 

SPS 


@ Pitch & yaw (sec) gmbi mot 
cont 


SCs 

@ AUTO RCS SEL MNB (if not 
previously enabled) 

SECS 

@ SECS & ELS sys B 

@ Float bag compr 2 

@ Float bag 2 mot sw & cont viv 

@ EDS voting logic 3 
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SYMPTOM PROCEDURE 


(0) {(CMP*s eudie center enty) verify 
$ 8D MODE VOICE - net In 
RELAY, 


a MODE SWITCH 
CIRCUIT FAILED 


@ Procedure remeves ail power from 
ecu. 
lrolate foiled components by 
tubstiiution ° CLODE SWITCH 
° 


bobo, 

‘YR FAILED ® No hot mike intersem avei . 

Affected crewman's Audio Panel: ob10 CONT - 5 8D or VHF AM sidetone may be 
© PWR - OFF NORM 


weed an a backup intercom, Pod 
@ SuIT PA - OFF i comm will be 10 Hees normal 
@ VHE AM - OFF volume after liftef, 
@ S$ 00 MODE PCM ~ 
FEM or ch 
@ AUDIO CONT - : 
@ Reploce €ONM components Affected crewman's PTT ewltch is 
individual ly Inoperative. in the event of inter= 
com diode switch failure, trans= 
minions to ground are available by 
returning AUDIO CONT - NORM. 


10] FAILURE OF 
REPLACED COM- 
PONENT 


Pwr lost to audio center equip and 
VHF AM. Copebility to xmit and 
rev voice via VHF AM, $ BD or 
latercom is lost. Down voice 
SNTERCOM @ INTERCOM (3) - @ UP TLM CMD substitute in CW. Up voice substi- 
{ALL CREWMEN) QEF RSET then NORM tute is crew eiert light. 
@ PAD COMM (3)- 0 5 moe 


ae KEY Tronemitted signe ls not audible in 
° NODE 


thi lure mode. 
RNG - OFF tt Follure 


No hot mika intercom avaliable. 
S 00 of VHF AM skdetone may size 
be used os backup intercom . 


Resuits in A/G tranemissions for all 
equipment selected to T/R. 


ONE CREWMAN | Avsto center | NO 


HAS UNSELECTED (@ MODE ~ PIT 
HOT MIKE @ Talk without keying 


CONDITION Hear 7} 


ves 


[4] Audio center _] «Audio conter VHF AM = RCV 
@VHFAM-OFF [NO © VHF AM (2) ~ off (ctr) 
@ Talk without keying! KEYING CIRCUIT © VHF AM RCV = 


FAILED NOTE: When VF tronemissions ore! 


desired: 
ves @ VHF AM A or B= SIMPLEX (off ctr 


receive) 


17 | Audio center _| Selecting the citemnate audio 


@ VHF AM - T/R center is necemery to avoid 


© $ BD - OFF [9 | Audio center _ | : the HOT MIKE conditions and 


°c + ao CORT cin 1 va rei 
BACKUP rs post 
ormRr-O audio center S$ 8D ewitch, 


The PTT sw of effected crewman 
will be inoperative. 
INTERMITTENT | 12] Discontinue use 
S8D~ T/R PTT SW ON ROTA- of affected RHC PTT 
@ Cycle PTT ww on RHC (left or conter only) TION CONTROL switch 
© Tolk without keying 


@ 
[a] ote fed compen by oiior | 


Affected crewman's Audie Panel: 

© pw - OFF 

® SUIT PwR - OFF 

© VHF AM - OFF The audio center is still veable in 
the hot mike made; undesired aire 


@ 3 80 MODE PCM - PCM or ctr 
© Replace COMM components individually to-ground transmissions con be 
© Talk without keying eliminated by piacing the audie 


a a na ree re 
wise - QFF or RCV. 
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SYMPTOM PROCEDURE REMARKS 


Utilize § BO 
for voice comm 


LOSS OF VHF VHE status? 


COMM WITH 


CONTINUOUS XMTR KEY 


NO XMIT, NO &CV 


© VHF AM & - 
SIMPLEX 


YES 
XMIT OK? 
aac 


6] @ VHF ANT ~ 
altemate ont 
(SM_LEFT or 
M RIGHT) 


YES 


VHF ANTENNA 
DEGRADATION OR 
UNFAVORABLE 
ORIENTATION 


Loss of 
VHF XMIT 
capability 


VHF 
ANTENNA SYSTEM 
DEGRADATION 


AUDIO CENTER 
REMOVING KEY 
HAS UNSELECTED 
HOT MIKE 
CONDITION 


Individually 


@ VHF AM ~ OFF 

ONE CREWMAN HAS 
UNSELECTED HOT 
MIKE CONDITION 


Loss of normal 
eae VHF AM A simplex 
capability 


@ Audio center VHF AM ~ RCV 
@VHE AM (2) - off (er) 
@ VHF AM RCV ~ A 
NOTE: When VHF transmissions 
are desired: 
@ Audio center VHF AM - T/R 
@ VHF AM Aor B- SIMPLEX, 
off (ctr) when finished 
tranwnitting. 


COMMON XMTR 
KEYING CIRCUIT 
FAILED 
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‘o) When operating with MSFN, 
uplink circuit morgin is greater 
thon down= link circuit margin. 
Antenna system degradation can 
therefore disable transmission 
while allowing reception. 


@ Duplex 8 is availabie. 


(3) Simplex operation of VHF AM A 
may be restored by placing VHF 
AM A ~ off (ctr) and VHF AM = 
TAR, Transmission is accomplished 
by placing VHF AM A ~ SIMPLEX 
then off (ctr) when finished 
transmitting, 


EAM SM-2A-1959E 


SYMPTOM 


1058 OF VHF 
COMM WITH LM 


EMS RANGE 
DISPLAY 


[1] sidetene during Lo. [2 Audio center]. 


VHF transmission? 


YES 


[6] Alternate VHF 


antenna 


@ AUDIO CONT - 
BACKUP 

Bockup audio center 

@ PWR» AUDIO 

o VHE - TR 

e MODE = VOX 


AUDIO CENTER 
VHF DIODE SW 
FAILURE 


mae ER on VHF 


AUDIO CENTER 
INTERFACE 
FAILURE 


a @ VHF RNG - 


RSET (wait 15 s0c) 


YES @) 


S| MO MENTARY * 
LOSS OF TRACK 


NO 


[2 | Alternate VHF 


antenna 


2 
yes 
{12 | FAILED ANT 


OR INCORRECT 
ANTENNA 
SELECTED 


Ls [4] 
LOSS OF VHF 
COMMA WITH LM 
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PROCEDURE REMARKS 


@ AUDIO CONT = 
BACKUP 

Backup audio center 
o VHF -TAR 
@ MODE » VOX 


YES 


5 | AUDIO CENTER| 
FAILED 


FAILED ANT OR 
INCORRECT ANT 
SELECTED 


CIRCUIT FAILED 
OPEN 


Audio center 

@ AUDIO CONT ~ NORM 

@ MODE - os desired 

@ VHF AM X= STMPLEX 

@ VHF AM 8 ~ STRAPLEX” 

@ VHF AM RCV ~ off (chr 

@ VHF RNG - OFF 

@ Initiote call © UM at least 
once every 3 min if no 


MSEN AOS 


® Utilize $ BD for voice 


je Verify LM is reconfigured 
for A & B SIMPLEX 


NO 


NO XMIT 
NO RCV 


CSM OR LM 
TRIPL/DIPL 
OR RF CABLE 
FAILURE 


VF comm with 


LM ok? 
@) 


OFF 
@ Depress and hold 


PTT button 
@ VHF RNG - RSET 
(Wait 18 tec) 

@ SUIT PWR = on (up) 


[Bier fo 


YES 


LOSS OF 


AUTOMATIC VHF 
RNG XMITR KEY 
FUNCTION 


rey, 


alternate audio 
center umbilical 


NO 


lize alternate 


headset 
YES 
Sidetone ok ? 


INO 


sf XMTR OR 
RCVR FAILURE 


o VHF AM A= 
OFF 

 ViF AM B ~ 
DUPLEX 


@ P20 running VE7E 
{wait J minute) 
V6 N2E 3703E 
R} = VHF RANGE 
XXX XX NM 


CMC range display XES 
abnormal ? 


NO 


17] ems or EMS/ 
VHF INTERFACE 
FAILURE 


RANGING 
GENERATOR OR 
LM RANGING 
TONE TRANSFER 
ASSEMBLY FAILURE 


available only while 
PTT button depressed 


@ Return to original audio 
center. holote failed compo 
nents by substitution (exclude 
headset and CWG adapter) 


Failed audio panel 

o@ PWR ~ OFF 

© SUIT PWR = OFF 

© VHF AM - OFF 

@ AUDIO CONT NORM 

Panel 3 

@ SBD MODE PCM ~ PCM or ctr 

@ Replace comm components 
individually 


8 | FAILURE OF 
REPLACED 
COMPONENT 


FAILURE 


5] SUIT HARNESS 
OR CWG ADAPTER 
FAILURE 


@ Coordination between the two 
spacecroft con narrow the fail- 
ure too XMTRACVR combina- 
tion. The specific combination 
depends upon which equipment 
was in use (i.e., whether LM 
data transfer or VHF ranging 
is in wee). 


Possible loes of VHF ranging 
and/or data transfer capability. 


VHF ranging stil! available. 


Loss of all VHF functions. 


AUDIO CENTER 
INTERFACE 
FATLURE 


CMC TRACKER {t should be on if 
computer is in P20 and V87 has 
been entered. 


Tones will be audible for 8 seconds 
ofter VHF reset. EMS display of 
range occurs 12 to 15 sec after 
revet. 


RANGING 
GENERATOR 
FAILURE 


If R1 is negative, actual range = 
327.67 NM minus obsclute value 
of RI. This will occur ony time 
the range exceeds 163.83 NM. 


Temporary signal loss may be 
coused by antenna nuils or 


Lens of VHF antenna switching. 


ranging capability 


Turning suit power off precludes 
audio interference with VHF 
ranging initialization. 


MENTATION TEAM 
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SYMPTOM PROCEDURE 


7 7 CANNOT ACQUIRE 
LOSS OF 5 BD Lt Unitize vi for LNOW a | 2 | deiczeals’.. | fOMN PHASELOCK WITH 
VOICE COMM voice Comm Ha] 1] OMNE ANTENNAS 

SBD ANT ind - WGA 
(MSEN within > 60%? 


REMARKS 


Q@ Loss or neor los of upvoice is 
indicated by $ 8D ent Ind 
60% (approx), end nolee in 
headeet 1f S 8 SQUELCH - OFF. 
Loss of normed downveice shoyid be 
anticipated if $ 8D ant ind 80% 


(oppran). 


ne is OR MAINTAIN 


HIGH GAIN ANTENNA 


| vo (3) 
NORM 
—— 
NO 


PMP SHORT 
Loss of $ BD 
voice and data 


| f12] 1] PHASELOCK wiTH 


Notify MSFN of UP TLM reat 
action. 


The capability is lost to tronemit 
recorded PCM. 


BOTH POWER 
SUPPLIES 


0) When $ 80 XPNDR = redundant 
eee hesitate momentarily in 


ORIGINAL 
TRANSPONDER 
RECEIVER FAILED 


@ S$ BO AUX TAPE - 


DN VOICE 8U 
° @® Loss of capability of simultaneous 
RNG — OFF transmission of down voice and 
emen | Flees, | Palate ae 
Lo RELAY OR VOICE = OFF 
YES Ff MODULATOR yes. f Cikcutt 0) Notify MSFN to tronenit voice on 
FAILED Upvoice ok? FAILURE the up date subcarrier. Backup up 
No NO voice and up data tronsrission aust 


be time shared. Action will resvit 
In 1+2 KH, tone in headeat until 
MSEN configures for up voice 
backup. 


o PMP VOICE 

LIPPER OR AUDIO! 
CENTER'S 8D 
OUTPUT FAILED 


BATA - UP VOICE 
Bu 


@ CMP PTT switch will be inapera~ 
tive. 5 BD reception will be vie 
Intercom bus, 


VOICE DETECTOR 


eS BD XPNOR 


~ redundant Spode 
@ Allow up to 30 sec 
for phaselock 
isiti 
bat Mi ve ORIGINAL @ $ BD MODE 
Fon lee 8 cM | voice & PCM XPONDER TRANS~ VOICE ~ RELAY 
ok? MITTER FAILED e econ Cy 
i « fibro CONT 
(8) BACKUP ~ (pn! 10)! Provides an alternate voice 
o MODE - vOx circuit, but no PCM capability. 
(pn 9 & TOF 
2s Sone Yes § VOICE OUTPUT 
as 125] pap Pm CIRCUIT FAILURE 
ES yA MIXER FAILED 
NO 


The power omplifier requires a 
90 sec warmup period. 


5 BD AUX TAPE - TAPE octivetes 
the FM tronemitter ond the alternate 
power amplifier which requires o 
90 sec warmup period. it is crew 
uption to tronamit real time PCM, 
recorded data, or TV via the FM 
tronemitter. 


VOICE Output 
CIRCUIT FAILED 


ON wice & PCM [NO 


() 


ves 


With one of the power amplifiers 
failed the capability is lost to 
tranemit FM (recorded data or TV} 
timultoneousiy with PM trans~ 
mission of real time PCM and 
voice. 
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PROCEDURE 


REMARKS 


SYMPTOM 


beenee is LM within [NO Broadcast antenna (SA eee Rape 
VOICE COMM line-of-sight? steps as performed . only to restore voice comm. 
YES S BD ANT ind - OMNI CANNOT ACQUIRE OR Appropriate reconfiguration to 
(MSFN not within > 80%? MAINTAIN PHASELOCK | festore maximum capability will 
VHF range) YES rata WITH HIGH GAIN ANT ae real time based on nature 
of failure. 
L4] csmmsen 5] CANNOT ACQUIRE 
@S BD : 
coordination will SOLCH - OFF PHASELOCK WITH sepeiinrdl pores 


DATA - DATA TAPE - ON @) 
eS BD MODE VOICE BU 
PCM-ctr | yg | eS BD MODE 
RNG - OFF YES] XPNOR VOICE 
| ms CIRCUIT FAILURE 


VOICE & TLM AMPL HI - redun- 
MIXER FAILURE dant pwr ampl 
{wait 90 sec for ORIGINAL 
wane) YES} PWR AMPL 
(UP VOICE PROBLEM & ep 


results as per- 
formed (LBR & 
voice) 


® INTERCOM -T/R 

@ UP TLM DATA - 
UP VOICE BU 
(wait up to 

1 min for tone) 


OPERATION 


Request in 
blind MCC send 
crew alert - on, 
off-on, off (wait 
1 min) 


INADVERT- 
ENT RTC RELAY 


@) 
NO 


YES 


FAILED 
PMP UP VOICE 
DETECTOR 


NO 
(DN VOICE PROBLEM) (3) 


@UPTLM 


POSSIBLE DN VOICE 


PROBLEM) 


ORIGINAL 


PM XMTR yesL_ANT ind) ute and standby for 
NO response from MSFN ERROR eccccece 


@S BD AUX 


NO 


@SBD PWR 


No 


(5) 
SBD 
XPNDR - redun- 
dant xpndr (wait 
far > 60% S BD 


FACE FAILURE 


| be through LM Yes  OMNIANTENNAS ar 60% (approx), and noise in 
NO EAILERE headset if $ BD SQUELCH- 
OFF. Loss of normal down 
" voice should he anticipated if 
| Audio center 18) eaunio § BD and ind <80% (approx). 
L741 | eSBD-T/R CONT - BACKUP 
e@ VHF, PAD (Alternate audio If configuration is already 
| Since bert COMM, INTER- center) Oty Ba comme 
VHE ) rap COMM.OFF | no | @MODE- vox [9] Isolate CCU, troubleshooting. Normal voice 
hae oS BD -T/R No | T-adapter and head- may be available on HGA or 
| GE set by substitution when MSEN range <130K NM. 
YES Normal down voice via 
10) euPTim @ and DUPLEX A (con- 
| CMO - RESET Mi] oRIGINAL FAILURE ference mode) may stil be 
ny] wo L_then NORM. AUDIO CENTER OF REPLACED available. 
13 FAILURE COMPONENT 
DSE ee ©) When $ BO XPNOR - 
YES redundant xpndr, hesitate 


® Oue to numerous variables 


is indicated by S BD ant ind 


momentarily in OFF. 


@) INTERNATIONAL MORSE 
CODE 


Request MCC 
configure for up 
voice backup 
(requires~3 min) 


<CHOmP VO Zar Ke -roOmMmMooOW 


@SBD MODE 
PEM - KEY 


Key continuous 
dashes for one min- 


When key not WAIT «meee 
required END OF 
PMP/AUDIO @S BO MODE MESSAGE © =e mms 
CENTER INTER- PCM - PCM FRACTION BAR ~eeume 


Delayed downlink 
voice may be avail- 
able via FM DSE 
d 


DOUBLE DASH — eee mm 
INVITATION TO 
TRANSMIT == 0 wm 
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SYMPTOM PROCEDURE REMARKS 


e FAILED 
8 (Cont) euPTIM Weg esBD | @S BO MODE peewee 
DATA- DATA MODE PCM - PCM - PCM XPNOR & PMP 
oS BD MODE ctr @S BD XPNDR - ( DOWNLINK OK} 
PCM - KEY. Voice comm? NO redundant xpndr 


asda pt key) Wait tor S BD ANT 


Yes , 
na @ 
af 


YES 


PCM +18 VBC 
POWER SHORT 

WHEN § BD NORM 
MODE PCM PCM 


| 
| 
| 
| 
fas D 
BE 
| 
| 
| 
| 


morse code. Orient 
for optimum HGA 
coverage, 


DASH = Approx 10% 


SUBCARRIER 
AMPL IN .XPNDR 


@) In relay mode for UP VOICE, 
CMP audio center ON VOICE not 


increase ft 
ie PMP PWR - eS BD MODE ios me available. CMP select backup 
eee key) VOICE - RELAY DOT= Approx 10% audio center. COR and LMP use 
eS BD MODE increase in sidetone to copy up voice. 
PCM - PCM $ BD indi- 


CMP Audio Center: cator 5 secs. 


eSBD-T/R 
we d wh 
PMP +18 VDC @ MODE - VOX | NORMAL VOICE a a om 
PWR SPLY FAILED @ VOX SENS tw- 6 INTERFACE - 
3 | @ INTERCOM (3) - BETWEEN 
UR AUDIO CENTER 
: YES 42) @UPTLMCM- 
Valeo comm? & PMP FAILED 42] ol 


Ground will com- 
municate by morse 
code displayed on 
+l dsky as follows: 


eS BD MODE NO 
PCM - PCM 


[40 Request MCC 
send CREW ALERT 


on-out, reset 41) LOSS OF One character per 
MASTER ALARM YES SBD UP VOICE register 
me CAPABILITY DASH = 1 
DOT =0 


FILL =9 


44 
NO ay AUX |wo, [45] eS BD AUX 46] Loss oF 
TAPE - TAPE NO PMP POWER 
SUPPLY 


| Voice comm? Voice comm? 


Yes YES YES 


$ BD AUX 
TAPE - CTR SW 
OR DN VOICE 
BU POSITION 

SHORTED 


@ Configure 
for TV and use 
cue cards for 
downlink. Up 
comm per step 34 


TAPE - TAPE OR 
OFF POSITION 
SHORTED 


OFF POSITION 


SHORTED 


oO) Coordinate with MSFN. 


MSFN REPORTS 
LOSS OF 


@) When $ BD XPNOR - 


CMD - RSET th 
Rott then redundant xpndr, hesitate 


redundant xpndr 


RANGING NORM @ Allow up to momentary 1 OEE: 
eS BD MODE 30 sec for phase- annie momentarily in OFF. 
RNG - RNG lock acquisition ENABLE CIR- limited to skin @ Skin tracking performed 
CUIT FAILURE tracking by ground radar; no crew action 


required. 


@) Original XPNOR is usable 
for all functions except ranging. 


16} RANGING 
CIRCUIT IN 

ORIGINALS S$ BD 
XPNDR FAILED 


LOSS OF 
UDL CONTROL 
OF RANGING 
FUNCTION 


‘o) The capability is lost to trans- 
mit recorded PCM simultaneously 
with real time PCM. 


1} ePMPPwR- 
AUX 


PCM OK? 


MSFN REPORTS 
LOSS OF 
REAL TIME PCM 


PMP NORMAL 
BIPHASE MQD- 
ULATOR FAILED 


PCM EQUIP. 
MENT FAILED | 
PAIS SCANNELL) COP 


§M-2A-2261 


ra Tinta. 7 Tatty 1070 Po ee oe Deana —§-106 


SYMPTOM 


HL GAIN ANTEN ~ 
NA DOES NOT 
RESPOND PRO PER- 
LY TO MANUAL 
POINTING COM-~ 
MANDS 


CANNCT ACQUIRE 
OR MAINTAIN 
PHASELOCK WITH 


ELECTRONICS 
FAILED 


BENDING OF THE 
GIMBAL DRIVE 
MECHANISM 


earth LOS is not 
within shodew area 


YES NO 


on 


HI GAIN ANTENNA 
DOES NOT RESPOND 
PROPERLY TO POINT~ 
ING COMMANDS 


ANT BEAM ~ WIDE 
or NARR 


{alternate position) 


Phaselock acquired? xs 


NO 


YES 
be acquired in 


MICROWAVE 
ELECTRONICS 
FAILED 


SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


PROCEDURE 


@ Amure phase lock 
achieved 

@ Rotate each of the 
HGA dials 
(Max travel) 


HGA activation? 


@ Switch to 

omni antennas 

@ HI GAIN ANT 
PWR - OFF (for 
20 min) then 
PWR 

® Marwally com- 
mand antenna 
movement 


HGA follows man- 
val commands? 


CMD ~ RSET then 
NORM 


YES 


INADVERTENT 


RTC RELAY 
OPERATION 


Restore voice 


@ PCM BIT RATE - 
LO 

@ SBD AUX TAPE - 
ON VOICE BU 

© Reattenpt voice 
contact 

© Reselect Hi GAIN 
ANT 


WIDE OR NARROW 
TRACKING 
CIRCUITRY FAILED 


AUTO TRACK 
CIRCUITRY FAILED 


[18] @ Utilize 


omni entenna 
o 
® Utilize HGA in 
manval mode 


1IS SCANNED COPY IS PROVIDED BY 


[2] inotcator 


2 | HGA PARTIAL-. 
LY OR TOTALLY 
IMMOBILIZED 


@ Hi GAIN ANT 
SERVO ELEC - 
sedunidont elec 


YES 
Phaselock coquired? 


NO 


16] seteet omni 
antenna 


© Salect favorable 
omni antenna 

@ VOAE (if 
necessary) 


@ Allow up to | min 
for phase lock 
acquisition 


Phase lock acquired 


NO 


13 | TRIPLEXER OR 


[16] Loss of uplink 


voice come, 

Possible loss of 

downlink voice comm! 

@ PCM BIT RATE ~ 
LO 

o SBD AUX TAPE - 
DN VOICE aU 

o SS MODE 

RNG ~ RNG 

Continue optimum 

ant switching 


PACECRAF 


LOCKING MECH~ 
ANISM WAS NOT 
LOCKED IN PLACE 


HGA SERVO 
ELECTRONICS 
FAILED 


g ORIGINAL 
XPNDR FAILED 


{12 | Attempt voice comm 

at least once per hour on 

the GET hour as follows: 

@ S$ 8D MODE PCM ~ ctr 

@ PCM BIT RATE - Hi 

@ SBD MODE RNG - OFF 

@ Perform comn check 

ff no contact 

@ S 8D MODE PCM - PCM 

@ PCM BITRATE - LO 

@ SBD MODE RNG - 
RNG 

@ Attempt OSE dump of 
recorded voice 

At completion of dump 

@ SBD AUX TAPE - ON 
VOICE BU 

When range < 60K NM 

@ VHF AM A ~ SIMPLEX 

® Audio center VHF AM - 


Fy 
e for MSFN cali 


DOCUMENTA 


REMARKS 


Asmumes thet MANUAL MODE 
has been selected ond thet both 
HGA command dials have 

been roteted bock end forth 
%ID* several timer. 


If antenna pointing is incorrect, 
phaselock can sti! be oshioved but 
with a reduced signal strength. 


If HGA utoge mandatory orient 
CSM with HGA pointed toward 
@orth; HI GAIN ANT BEAM = 
NARROW. Rotate HGA pitch and 
yow command dials to correspond 
to meter readings. 


Indicators will display actual 
antenna position. If look angie is 
outside shadow area HGA may be 
utilized when CSM attitude permits. 


@ Less of uplink pheselock is indi- 


® 


® 


coated by noise in headset ond 
5+BD antenna ind <30%. 


When SBD XPNOR-redundant 
or hesitate momentarily in 


If in medium select wide. 


SM+-24-1903H 


[Je Select vact [NO 
CANNOT ACQUIRE {check ent 

PHASELOCK WITH 
OMNIANTENNAS 


Phasalock ocqvired? wt 


NO 


B De attitude ond | NO 
propellant constraints 
allow roil maneuver? 


12 Je Roll CSM not 
jew than 45° 

@ Allow up to 30 sec 
for phatelock 
acquisition 

© Attempt phaselock 
acquisition with 
all omniantennes 


Phovelock ocquired? 
YES 


SM2A-03-BLOCK II-J-(2) 
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SYMPTOM PROCEDURE REMARKS 


antenna (wait | min 


for phase lock) 


XPNDR FAILED 


OMNI - HI.GAIN 
@ Attempt phaselock 

acquisition 

utilizing HGA 


NO 
Phaselock acquired? 
YES 


| FAILURE OF RF 
SWITCH TO HI 
GAIN POSITION 
OR OMNE 
ANTENNA FAILED 


13] TRIPLEXER OR 


RF COAX CABLE 
FAILED 


limited to HGA or 
remaining omnis 


0) Lose of uplink pheseiock is indi- 
cated by noise in hewdve? ond 
$ BO enterna ind < 30%, 


2) When S80 XPNOR-redundant 
or hesitate momentari ly in 


RTC RELAY 
OPERATION 


Porible toss of downlink voice 

came, 

je PCM BIT RATE - LO 

@ SBD AUX TAPE BN VOICE 
BU 

1 SBD MODE RNG - RNG 

Continue optimum ont switching. 


® Performing roll maneuver elimi~ 
nates omniontenna as failure. 


@ PCM BIT RATE - HI 

@ S BO MODE RNG - OFF 

© Perform come check 

Hf no contact ~ 

@ SBD MODE PCM - PCM 

@ PCM BIT RATE- 10 

@ $ BD MODE RNG = RNG 

© Attempt DSE dump of recorded 
voice 

At completion of dump 

@ SBD AUX TAPE ~ DN VOICE 
BU pieces 

When range <60 KNM 

© VHF AM A - SIMPLEX 

© Audio Center VHF AM - 1/8 

© Standby for MSFN call 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 
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SYMPTOM PROCEDURE REMARKS 


| (1) q@ Normal range 0.25 to 0.45 
02 [1 [02 FLOW ind Jeg] Light is possible tbr. 
1 FLOW HI 09 low high? indication of cabin 
decompression if @ REPRESS 
RED NO cabin press also Cab press low | YES PKG viv- FILL 
Light on if: low or decreasing or decr? @ Don suits 
> 1.0 tb/hr (after) NO 
16 sec time delay) 14 | Verify ind 
@ DIRECT 02 viv- 


OPEN (CCW) 
(momentarily) 


| ES 
CABIN PRESS 
02 flow incr? LS] e MAIN REG LOW OR DECR 
NO i 
| 4) (momentarily) No 07 FLOW 
fe Tina FaicuRe O2 flow decr? SENSOR FAILED 


Y 


| ECs | 


@) A surge tank - cryo tank 
AP of 50 psi will verify a high 
09 flow. Typical HI CRYO 


A and B - cl 
STM TK-SURGE TK AP: 
60 psi= 1.0 th/hr 
100 psi= 2.5 lb/hr 
YES 150 psi = 3.5 lb/hr 
400 psi = 5.5 Ib/hr 
ts [9] op FLOW ind | YES 
FLOW HI egged? 
= © CAB G) Placing the MAIN REG A 
> 0.45 lb/hr ie PRESS RELF viv & B- closed and noting a decrease 


in O2 flow will validate the 
sensor indication. 


(2)- NORM 
| NO} Crew partially 
suited? 


YES 


(4) Continue with 02 Flow Hi 


(5) procedure and use C/W It and 
Verify viv pos surge tank bleed down as indi- 


cation of O02 flow. 


(6) 
@ WASTE STOWAGE VENT @ SUIT CKT 113) HIGH FLOW 
viv - CLOSE RET viv- QREN  jves CAUSED BY 
| @ WASTE MGMT OVBD CLOSED VLV 
. DRAIN viv- OFF 


® This action verifies that 
inadvertently opened valve has not 
caused increased G2 flow. However, 


e@TUNL VENT viv- OFF 


@ DIR Q9 viv - close 
| — — Yes §14| HIGH FLOW high 09 flow normal during cabin 
case oe 
NO 


6) Assumes partially suited 
made is: 

@ SUIT CKT RET viv - open 
e DEMAND REG viv- BOTH 


115 ] # DEMAND [16] e DEMAND @ DEMAND fig} NO. 1 
REG sel-OFF _|YEST REG cei - 1 NO VREG sel - 2 vEs@ DEMAND REG 
| 02 flow decr? 02 flow norm? 02 flow norm? FAILED OPEN 


NO YES NO 


@ DEMANO 
REG sef- BOTH 

eSUIT RETURN 
viv - close (push) 


[19] No.2 
DEMAND REG 
FAILED OPEN 


@ Clean screen (3) 
@ SUIT RETURN 


Hi Q9 flow viv - open (pull) 
© DEMAND caused by dirty yes lit desired) Nop23J SUIT CKT 
REG sel - BOTH screens 02 flow norm? RET RESTRICTED 
@ EMER CAB 


PRESS sel - OFF 
@ H20/GLY TK 
REG sel - OFF @ Q@) If leak is not isolated and 02 


Determine 
Jeak rate 


NO 


flow remains high, mission time may 
be extended by shutting off the 
main Q2 regulators, re-opening them 
when necessary to maintain cabin 


© CAB REPRESS PRESS RELF vlv 
viv - OFF (CCW) (2)- CLOSE Ne 


| 02 flow decr? 09 flow deer? OR 100 PSt LINE 


YES YES Hi tk Pressure and for actuation of the 
bd pad soos cyclic accumulators. Placing the 
@ RH CAB z boaicat aan WASTE STOWAGE VENT vaive to 
PRESS RELF LH CAB determine magni- VENT may prevent the cabin relief 
viv- NORM NO PRESS RELF VLV tude of leak valve from actuating. 
Q2 flow incr? LEAKING 
| YES 
@ RH CAB 
PRESS RELF 
f 29] RH CAB viv- CLOSE 
B PRESS RELF VLV @ LH CAB PRESS 
LEAKING RELF viv- NORM 
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SYMPTOM PROCE DURE REMARKS 


I a 
Ja (Cont) YES 132 NO (8) MSFN can distinguish 
' SR mf DROVE CTR TA et eee ae aunty 
ce No vee @H0/GLY TK PRESS REG VLV 1 reporting tank bladder pressure. 
RELF sel - 1. Yes OR RELFVLV1 
135] emer cag ener alo ules 
PRESS sel - BOTH RAPIDLY 


02 flow norm? 
YES 


Continue opera- 


NO @ H20/GLY tion on unaffected ; 
| : REPRESS VLV fauey TK REG sel 2 reg and/or relt viv ® ea a eee 
@ EMER CAB LEAKING @H20/GLY TK may reseal teaky peel valve. 
PRESS TEST pb - RELF sel - 2. (8) 


push (several times) 


02 flow incr? 
02 flow decr? [ii] ° EMER CAB 


HO0/GLY 
TK PRESS REG 


| YES PRESS sel - VLV 2 OR RELF 
02 flow decr? No. 1EMER | tee FAILED 


YES CAB PRESS REG 


FAILED OPEN 


TEMPORARY 
PEEL VLV SEATING 
PROBLEM 


| 
| oo 
| 


NO. 2 EMER 
CAB PRESS REG 
FAILED OPEN 


@ EMER CAB 


PRESS Seb te @) (2) Removes power from H20 
accumulator. 
©, INCORRECT 


[48] Check flow | YES e SUIT H20 [48] esuit Hoo CENTRAL TIMER 
sensor ACCUM AUTO - ACCUM AUTO - SIGNAL TO AUTO @ H20 accumulator can be 
@ MAIN REG A tedundant accum tr yes PCYCLE CONTROL manually operated. 


(aianiemtarigl 


YES NO 
| 02 flow decr? a2) 13 (4) 


51] NO.10R2 [52] Cycle accum 
solenoid vivs 


H20 ACCUM 


02 FLOW FAILED ON @ SUIT CKT H20 
| SENSOR FAILED ACCUM ON - 1 (12) 


@ Max 02 bleed into suit jaop 
will be 0.55 Ib/hr (fram which 
metabolic use and cabin leakage 
will be taken). 


@ This failure does not 
necessarily preclude manuai 

operation of the affected H20 
accumulator. 


_then 2 (several 155 | H70 ACCUM 
times) YES | SOLENOID VLV 
FAILED OPEN 


No 
| [53 | NO. 1H20 H90 ACCUM 02 flow decr? 
Accum SOLeNoio § YES| OEE 


VLV FAILED OPEN 
| | NO Return to orig 
sw configuration 
156} esuiT Hoo @ 470 ACCUM 
; @ @) 
ACCUM AUTO - 2. 2-OFF 
@ H20 ACCUM 1 - 159} NO. 2H90 


RMTE (YESH ACCUM SOLENOID 


Cycling operation may free 
sticking valve. 


©) Loss of electrical cyclic 
control of affected H20 

accumulator. Periodic manual 
valve operation the only means 
of actuating H20 accumulator. 


[60} suit H20 
ACCUM AUTO - 1 


@ LJ Verify 02 FLOW ind 0) a range 0.25 - 
O2 FLOW @ DIRECT 02 viv- OPEN (cow) : 
LOW (momentarily) 


@) May take up to 45 minutes 
max. 


Mometary flow incr? 
NO 


<0.25 lb/hr 


3) MSEN can distinguish 
between these two failures. 


@ WASTE STOWAGE 


Q2 flow 
VENT viv- CLOSE 


sensor calib shift 


@ 02 PRESS IND sw- SURGE TK 
@ REPRESS PKG viv - FILL (momentarily) 


Repress pack 09 meter incr >935 psi? 


O) Use highest cryo tank 
indication to estimate surge 
tank pressure. 


NO 


YES' 


SURGE TANK 
PRESS HIGH 


>935 psi 


@ Surge tank pressure may be 
determined by momentarily 
positioning REPRESS PKG viv - 
FILL and read repress pack press 
meter after stabilization. 
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SYMPTOM PROCE DURE 


Verify cab 
press inst 
SUIT PRESS ind 
CAB PRESS ind? 


NO 


3] cag PRESS 
INST FAILURE 


: in 
SURGE TANK @ 02 PRESS CRYO 02 EPS-CRYOI 
PRESS LOW INO sw- TK 1 YES STORAGE EPs.cavol 
< 835 ps | FAILURE Pb s | 


NO Q2 (Hg) CRYO 


PRESS LOW 


REMARKS 


®@ Cabin pressure > 5.3 psi is 
normal after insertion. Normal 
range is 4.7 ta 5.3 psi 


CABIN PRESS 
HIGH OR 
INCREASING 


02 flow high? 


02 FLOW HI 


14] use SUIT 
PRESS ind to 
estimate cab press 


SURGE TANK 
PRESS LOW 


® REPRESS PKG 
viv- ON 6 SURGE TK 
(momentarily) PRESS SENSOR 


@ REPRESS PKG 


Repress pkg 
press decr? 


viv - ON (when 
i oa 
tion check @SRG TK 02 viv- 
| 5] 02 FLOW ind | @SM 02 SUP viv- ON 
NO} ON 


YES 


| a 
Tz] 


OFF 
@ DIRECT 09 viv - 
OPEN (ccw) 
e@incr 02 flow to 
0.95 lb/hr for 
45 sec 


CABIN PRESS 
LOWOR DECREASING | 02 flowind remains |.NO J ORS, FILTERS, 
at 1.0 ib/hr? OR LINE 


YES 


An obstruction 
severely limits 02 
supply rate. May 
essentially limit 
supply to that avail- 
able in CM (surge tk 
plus repress Q9 tk) 


18 JogsTRUCTION 
OF 02 RESTRICT- 


[9 J esas Tk 02 [10] () | ( REPRESS PKG viv- FILL: 
viv - OFF yes} RELF viv - close 11] SURGE TK } | repress 02 Sippy to perfarm 
Yes] PLUMBING PANG ANE AUDEN OU: 
NO Surge tk press decr? LEAKING 
NO 
| Isolate repress (2) | @ Use REPRESS 07 RELE viv 


for surge tank pressure relief, 


@ REPRESS 


92 tk(s) SURGE TK 
PKG viv- FILL 


@SRG TK 02 viv- RELF VLV 


ON LEAKING @SRG TK O2 viv- 
@ REPRESS 02 - Qn 

CLOSE (verify) 
@EMER 02 - 

CLOSE 115)» REPRESS 


YES 


Repress 09 supply Oo RELF viv- ©) If subsequent 02 mask use is 
necessary, position REPRESS 
PKG vivto FILL, Excessive 02 


consumption results. 


close (CCW) id ® 
no Repress 02 YES REPRESS 02 
(5) @) supply press decr? PLUMBING LEAK 
MAIN REGA 18 | @ MAIN REG NO 
VLV FAILED OPEN Byes| A- Slose 


Cab press stops incr? 


OR RELF VLV @ REPRESS 


113] REPRESS 09 


@) This step may require 


| press decr? 


LEAKING RELF VLV PKG viv- FILL 
ne LEAKING until REPRESS | | *o"stderable time. 
OQ press ind 
(4) reads 800 psi 
@ MAIN REG (5) @ REPRESS PKG | | CS) MSEN can distinguish 
A- OPEN viv - QEF between these two failures by 
e@ MAIN REG B- MAIN REG 8 reporting 02 system pressure. 


BETWEEN MAIN 
REG AND 02 
FLOW SENSOR 


VLV FAILED OPEN 
YESJOR RELF VLV 
LEAKING 


NO 


Cab press stops incr? 


SM-2A-2253 


The we a Aa 17 July 1970 pee ae eee Gf 347 


CABIN PRESS LOW 
OR DECREASING 


CREW 
UNCOMFORTABLE 
IN CABIN 


CABIN HUMIDITY 
HIGH 


@ Don PGA's 


“ot Crew condition? 


Cab temp 
indication? 


Uncorrected high 
humidity will cause 
COo filter sweiling. 
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SYMPTOM PROCEDURE REMARKS 


) gly 
evap out temp low 
(<40°F}? 


Prim (sec) gly 
evap out temp high 
(>50.59F)? 


NO 


| 8 JLH CAB PRESS 
RELF VLV 
LEAKING 


PRIM GLY EVAP 
OUT TEMP LOW 


SEC GLY-EVAP 
OUT TEMP LOW 


SEC GLY DISCH 


PRESS LOW 


)) Maintain closed position on 
leaking valve. Cabin pressure 
relief valve redundancy lost. 


@) Maintain fully suited mode, 
Excessive 02 consumption if 
cabin pressure is maintained. The 
suit circuit should be purged to 
eliminate accumulated H2 as 
follows: 

a. Periodic purge (every 6 hours) 
DIRECT 02 viv - open (fully) 
for one minute then closed. 

b. After use of water gun for 
drinking provided 02 supply 
permits DIRECT 09 viv - 
open (fully) for 8 seconds then 
closed. 


Check filters hourly 
for canister clearance 
and replace filters if 
swelling is suspected. 


PRIMGLY . SEC GLY 
EVAP OUT EVAP OUT 
TEMP HIGH TEMP HIGH 


CREW UNCOMFORTABLE 
IN SUIT LOOP 


CLINGING SUIT 


CAB PRESS >4.2 psi 
Helmet/gloves doffed 


Basic Date 


[6] Suit ckt ret NO 
screen dirty? ta | 4 | 


YE 
Clean suit ckt 
ret screen 


ALL 


SUIT CIRCUIT 
HUMIDITY HIGH 


CREWMAN 


[1] Clinging suit for 


@ PGA/umbilical 
connector QD’s 
(2) 

@SUIT FLOW 
viv - SULT FULL 
FLOW 


17 Jul 


1970 


Verify valve 
positions 


@ PGA/umbilical 
connector-QD’s (6) 
@ MAIN REG (2) - 


e@SUIT FLOW viv (3). 
SUIT FULL FLOW 

@ SUIT TEST viv - 
OFF 


caused by incorrectly 
positioned valve or 
unsatisfactory 
PGA/umbilical 
interconnect 


4 | BOTH MAIN 
02 REG FAILED 
NO CLOSED 


[6] @ DIRECT 02 
viv - OPEN (CCW) 
(momentarily) 


PGA's inflate? 


NO 


BOTHO? =| 
DEMAND REG 
FAILED CLOSED 


@ Valid only for nonreserved 
hose configuration. 


@ MSEN can verify loss of 

100 psi circuit. Open/close 
REPRESS viv to maintain-<5 psia 
cabin press, 


Q) Doff PGA's closed suit 
operations are lost. 


® Metabolic requirement per 
crewman is approximately 
0.1 Ib/hr. 
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5-112 


Sa 


10 


Rasic Date 


SUIT 
COMPRESSOR 


RED 


Light on if: 
Compressor AP 
<0.22 psi 


S| 


SUIT COMPR 
AP LOW | 


<0.32 psi 


BALLOONED 
PGA'S 
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Suit compr AP 
<0.22 psi? 


YES 


araing 
Suit comor AP |YES | 1f suited, suit com- 


zero? 


| 6 | @ Suspect SUIT 
COMPR 1 {or 2) - 
OFF 


Suit compr AP drops 
to zero? 


[8] Suit compr ck_| 

@ Redundant SUIT 
COMPR - alternate 
bus 


Suit compr AP incr? 


NO 


[10] Verity suit toop esuiT FLOW |. 
integrity NO RELF - OFF N 


Suit compr AP incr? 


YES 


4] suit Loop 
INTEGRITY 
VIOLATED 


Suit press- 


cab press >1.0 psi? 
NO 


[8] * DIRECT 
Qo viv - close (cw) 


O92 flow deer? 


YES 


caused by open 
DIRECT 02 viv 


NO 


YES 


SYMPTOM PROCE DURE 


Ed 
Wanai: oO 
[4] check suit [YES #5.) SUIT COMPR | 
supply hose for flow AP SENSOR 
(if in cabin mode) FAILED 


Suit flow? 


NO 


pressors may remain 
inoperative for no 
longer than one min- 
ute or asphyxiation 
may result. 


SUIT COMPR 
INDICATOR 
FAILURE 


DEGRADED 
OUTPUT OF BOTH 
COMPR. TWO 
COMPR OPERA- 
TION REQUIRED 


FOR CREW 
[3] DEGRADED COMFORT. 
OR FAILED SUIT 
COMPR 
YES 
[12 je SUIT COMPR STOWAGE VENT 
{both) - on alternate viv - VENT 
buses If required to main- 
tan C0278 
Hg: 
me NO @ @ DIRECT 09 viv- 
OPEN (CCW) as 
Low AP caused 116} BOTH SUIT req 


by open SUIT FLOW 
RELE 


COMPR FAILED 


@cb SUIT COMPR 
(6) - open 


Yes ("2 ] suit Test [NO 09 demand 
viv - OFF reg check 


NO 


0 flow decr? eee REG ray No 2 0p 
YES Sele Yes | DEMANO REG 
FAILED OPEN 
NO 
[5] Ballooning 6] .NO.102 * DEMAND 
caused by open DEMAND REG REG sel -2_ 
SUIT TEST viv FAILED OPEN 


DEMAND REG 
EXCESS INTER- 
NAL LEAK 


02 flow decr? 02 flow incr? 


NO N 


@ @ 
[9] © DEMAND |ye5 [10] © DEMAND 
REG sel- OFF REG sel -1 
— = YES 
0 
© 


fis} © DEMAND 
DEMAND REG REG sel - redundant 
EXCESS INTER- reg 


NAL LEAK 


REG sel - BOTH 
@ 20 ACCUM 
both) - OFF 


ACCUM SOL VLV 
EXCESS INTER- 
NAL LEAK 


N 


#20 


ACCUM 2 - AMTE 


18] UNIDENTIFL- 
ABLE INTERNAL 
LEAKAGE 


NO. 2 H0 
SOL VLV EXCESS 
INTERNAL LEAK 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 
17 July 1970 


Chanoe Date _ 


REMARKS 


Q) Subsequent compressor operation 
verified by monitoring supply 
hose flow and humidity level. 


@ Unsuited compressor AP of 
approximately 0.275 psid is nor- 
mal with SUIT FLOW valve in 
SUIT FULL FLOW position. 


@) Pressure rise across suit cam- 
pressor is 0.36 psi in cabin mode 
(5.0 psi) and 0.26 psi at emer- 
gency suit pressure (3.75 psi). 
Suit compr AP of 0.1 psi will 
adequately scrub cabin air for 
unsuited operation. 


@) Humidity and CO2 cantroi lost. 
Inadequate suit ventilation 
obtained by opening DIRECT O02 
viv. PGAs will balloan up to 
0.32 psi above cabin if in suited 
mode. Use emergency 02 masks 
if in cabin mode since COQ indi- 
cator inoperative. Some con- 
sideration may be given to taping 
a CQ2 absorber element to the 
cabin fan inlet. 


CS) With this vent open CO2 PP wil 
remain <7.6 mm Hg for 77 min- 
utes after compressors failed. 


@ Slightly ballooned can be 
verified by the suit-to- 
cabin AP indicator > zero. 
Cabin to suit AP maintained 
at 2.5 to 3.5 in. H20 


@ Recycling valve several times 
may correct excessive 02 flow. 


ECS 
MALFUNCTION 


©) Leaking 02 demand regulator 
is still operational and may be 
used for depressurized cabin 
mode. 


® H20 accumulators may be used 
manually for H20 removal with 
excessive 02 usage. 


SM-2A-2255 


5-113 


Pace 


SM2A~03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 
n | © A) Assumes SUIT FLOW RELF valve 
CREW 1 | Crew HOT 2 | Suit temp 
UNCOMFORTABLE condition? HUMID _ [indication? 


is OFF. 
IN SUIT LOOP | COLD NORMAL 


Prim (sec) 


gly evap cut temp 
high ( >50.59F)? 


SEC GLY 
EVAP OUT 
TEMP HIGH 


ECS_|SEC GLY EVAP beadcet 
WT 1) [22] 7 | out Teme Low 
ope a nate 
OUT TEMP LOW 


[ees _| 
Li8] J 


Suit CKT Uncorrected high SUIT HIGHT 5] RESTRICTED) — |_6.] If COz PP 7 
HUMIDITY humidity will COMPR AP ind? FLOW IN SUIT increases >7.6 mm @operation iS verified by 02 FLOW 
HIGH cause CO? filter LOOP Hg, ga to shirt- indicator degging high within a 
swelling. Check NORMAL LOW sleeve operation ten minute oeriod. Accum cycle 
filters hourly for and use emerg 02 occurs at CTE - even 10 min marks 
(i.e. 0, 10. 20, etc.) and CTE clocks 


GET. 


and replace if AP LOW 


| canister clearance ECS | suITCOMPR masks 
swelling suspected. 


(3) Operation at No. 1 {or 2) H20 


YES ‘ 
accumuiator may still be possible. 


RELF viv- DUMP A 
(until waste tk 
quantity 25%) 


| Waste tank 


qty ind full? 


‘1 (or 2) valve to 
MAN for 10 sec and then OFF 
noting a ~»gn 02 flow while 
valve is in MAN position. 


e SUIT H20 
ACCUM AUTO - 


e SUIT CKT H20 ACCUM ON - 1 (or 2) 
for 10 sec 
NOTE: Repeat several times at 3.5 min- 
ute intervals 
O9 flow pegs high when switch ts 
actuated? 


YES Ga ® 


ELECT CKT 
FAILURE 
Waste #20 Iwo LSJ sult H20 
| qty incr rapidiy? ACCUM AUTO - 


0} NO. 1 (OR 2) 
SUIT CKT H20 
ACCUM SOL OR 


@u a rapta sncrease in waste water 
quantity s noted, release SUIT 
CKT H20 ACCUM ON switch. 


ACCUM.MNA 
(MNB) -open 


@®umiairs and water coming Gut 
of suit sugply hose should be 
greater than that caused by conden- 
sation from cold structure before 
proceeding to this step. This 
removes ait from suit ckt H20 


Manual H20 
temoval 

@ SUIT CKT H20 
ACCUM ON - | 


(or 2) for 10 secs 


NO CENTRAL | 
TIMING SIGNAL 
redundant accum FAILURE 
asa Alt accum cycl (5) 
accum cycles 
BT NOt ne 2) @ Discontinue H20 


evap operatio as req for crew accum. Kowever, time for tank 
ACCUM YES yeeros comt bleed-down is dependent upon the 
a |* HOO/GLY TK PRESS omfort y : 
DIAPHRAGM Humidity N REG - OFF following waste H20 tk quantities: 
RUPTURED decr over time? @ Allow tk press to bleed yes 80% «Thr 
(> YES @ H9O/GLY TK PRESS 50% 3hrs 
- @) REG - BOTH 20% 5 
20; @ SUITH Be > 8 hrs 
ue tae FAILURE OF Air in cyclic (MSFN reads H20 gly tank press) 
(or t) = CENTRAL TIMING NO —  faccum prevented 
= SIGNAL TO NO.1 T) norm water removal ©@)operatic~ af No. 1 (ar 2) H20 


(OR 2) H20:- ACCUM 
CONTROLLER 


accumulziar still can be main- 
tained by manual actuation of 
solenoio swatch or manual 
operation ot selector valve. 


EXCH H20 
SEPARATOR 
PLATE PLUGGED 
OR BLOCKED 
WASTE H20 
DUMP LINE 


@ SUIT CKT 
HT EXCH - offictr 
@ Verify SUIT HT 
EXCH PRIM 

(SEC) GLY viv - 


WASTE H20 
DUMP NOT 


Prim (sec) 
[31a 9} oRAINING 


gly disch press 
low 40 (39) psi? 


@a blocked waste H20 dump line 
can be concluded if the waste 

H20 tank aty were verified full 

in step 7. 


NO COOLANT: 
CONTROL TO 
SUIT.HT.EXCH 


(8)suit heat exchanger must be 
bypassed manually for future use. 
In the primary bt exchanger mode, 
this failur? could be caused by a 
motor or control switch failure. 


28 | Activate sec 
cool toop to coal 
suit ht exch 


The CO? PP HI warning light may 
be extinguished by pulling the ECS 
PRESS XDUCER 2 MNA ch. How- 
ever, this eliminates redundant MN 
bus pwr scurces to the following 
sensors: 

@ Cabin press ind 

© 02 flow ind 

@ Gly str oress ind (Pri) 

@ 02 manifold press (MSFN). 


CO2 PP HI 


YELLOW 
Light on if 
CO? PP>7.6 mm Hg 


C02 PART 
PRESS HIGH 


>7.6 mm Hg 


@ Position CO? canister diverter 
viv handle alternately to A and 
B to obtain stabilized CO2 PP 
readings 

@ Change canister with highest 

CO? reading 


4 | Purge CO? sensor 


@ DIRECT 02 viv- 
OPEN (CCW) for 10 sec}: 


COQ PP still high? 


CO2 PP 


returns high? 


C07 PART (68.} CO PP g| EXPENCED trol can be accomplished by use of 
PRESS LOW S SEARED C OR YM NTH direct O2 viv operation, or 
FAILURE ¥CO> FILTER emergency 02 masks can be used. 


“1.0mm Hg continually | SM-2A-2256 


SM2A-03-~BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE 


Single canister operation 


@ SUIT FLOW RELF - OFF 

@ COQ cstr divert viv - both (ctr) 

@ Divert flow through siezed filter momentarily when 
replacement of operational filter is required. 

@ Use CO2 PP ind as filter replacement ind 


REMARKS 


@ Immediately replace a filter 
suspected of swelling. 


D9 FILTER 
SEIZURE WITHIN 
CANISTER 


EXCESSIVE 
SWELLING OF 
CO? FILTER 


Rad prim out 
temp ind 


YES 


(0) Because of thermal con- 
straints involved there would be 
time to verify ECS rad out temp 
with MSFN as rad temp was 

dropping. 


| §-| Determine 


deadhead dis- 
charge pressure 


. : @) @ RAD MAN @ Htr operation can be con- 
a aR our @ RAD PRIM | 4] @ RAD PRIM eran eae tirmed during sw operation by 
TEMP ind <-30°F pe - redundant HTR - off (ctr) Gly evap prim out CONT PWR - ae amps for full htr 
it Gly evap prim temp < 43° and MAN SEL vs 7% amps for single element). 
Rad prim temp out temp gly evap prim stm Wait 25 pr : “ 
in ince? > 50,59F? press <0.14 psi? . a ns and @) Heater is shut off to avoid 
eee record gly possibility of boiling glycol in 


disch press lines with law flow rates. 


PRIM GLY 
EVAP OUT 
TEMP LOW 


@ MSEN can aid in determin- 
ing gly evap operation by 
comparing gly evap temp in and 
temp out. 
@) Prim gly flow rate from 
MSEN can aid in determining 
frozen/stagnated panel. 
tf GLY DISCH PRIM PRESS 
is < 40 psi, go ta: 


GLY DISCH 


20| 1{PRESS LOW 


PRIMHTR | ECS | RIM GLY EVAP 


CIRCUIT OUT TEMP HIGH 7 | 
FAILURE j fa 2 v7 


§ 
[ 8 | Ck for frozen rad 
@ RAD MAN SEL - RAD J 


Gly disch prim press equal 
deadhead press? 


YES 


PRIM RAD 
OUT TEMP 
SENSOR FAILURE 


Gly disch prim 
press equal dead- 
head press? 


© RAD PRIM 
ATR «1 


PUL TRAD 1 PANEL 
STAGNATED 


RAD 2 PANEL 
STAGNATED 


6) Use norm prim rad in temp 
and absence of H70 boiling to 
estimate prim rad out temp. 


©) Panel 1 between +Y and 
+Z, Panel 2 between -Y and -Z. 


Rad flow blockage cannot 
isolate blocked panel and be distinguished from stagnated 
orient CSM for most favorable panel, Reduce elec loads for 

heat rejection AUTO - AUTO single panel operation. 


@ RAD PRIM LYES 
HTR - off (ctr) 
ECS rad prim in 
temp decr? 


Thaw stagnated panel 


@ Orient CSM ¢+ direct stagnated panel 
toward sun 

@ RAD FLOW CONT AUTO -1_ 

@ RAD FLOW CONT PWR - PWR 

@ Wait 17 sec for isolation viv to position 

®@ RAD FLOW CONT PWR - off (ctr) 


[16] Resume normal 


rad operation 


e@ RAD PRIM HTR -1 
@ RAD FLOW CONT 


[15] Verify thawing by 
Fepeating step 8 at approx 
20 min intervals. 

NOTE: {f failure continues, 


Primary radiator outlet 
temperature > 65°F not abnor- 
mal when associated with high 
electrical loads ( > 2000 watts). 


Gly disch 


prim press < 40 psi 


Gly evap prim 


4) PRIM 1 HTR 
stm press ind 


PRIM ECS RAD 

OUT TEMP HIGH FAILED ON 
> 6508 
(> 80°F for lunar | 


@) PRIM GLY EVAP STM 
PRESS readings of 0.09 and 
0.14 psi correspond to PRIM 


orbit) 


MALFUNCTION 


[5] Gly evap prim [6] Check GLY EVAP QUT TEMP readings 
PRIM out temp > 50.59F? redundant flow of 38° and 43°F, respectively, 
GLY NO cont 


DISCH — PRIMGLY EVAP 
PRESS = QUT TEMP HIGH 


@ RAD FLOW 
CONT AUTO - 
redundant cont 


ECS rad temp 
prim out decr? 
NO 


QB) Heater operation may be 
confirmed during switching 
operation by A current 
(15 amps for full heater vs 
7% amps for single element. 


PROPORTIONING 
CONT OR 

ISOLATION VLV 
FAILURE 


PRIM RAD 
OUT TEMP INST 
FAILURE 


@) Primary radiator intet tem- 
perature and absence of water 
boiling can be used to estimate 
primary radiator outlet 
temperature. 


@ RAD PRIM 
HTR -1 


e Record gly disch press 
@ RAD MAN SEL - off (ctr) 


@) Flow proportioning valve 
not available in system No. 1 due 


CONT PWR - 


NO. 1 FLOW MAN SEL 


PWR TL ee : 
RAD CONT AND RAD @ Wait 25 sec and record gly to power loss, nor in system 
: era ; ISOLATION deadhead disc press GLYCOL No. 2 due to inoperative rad 
nitiete- PTE VALVES FAILED Did press increase? TEMP isolation valves. Check ch RAD 
pnibiee < BeRAFTH DOCUMENTATION TEAM CONTR ACT. SM-2A-2257 


APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE 


| @) 


REMARKS 


After the prim gly evap 
temp returns to normal, 


" PRIM GLY EVAP | Cancion} [3] R. . NO @ GLY EVAP INI NiO deactivate the secondary 
OUT TEMP HIGH If gly evap out temp Sorbian TEMP - MAN TEMP OUT INST evoporator ond continue 
reoches 60°F, octi- tome © GLY EVAPIN FAILURE trouble shooting, 
>50.5°F vate sec. Gly ‘evap YES TEMP viv'= MIN 
with radiator cow — 
bypassed, 
Gly evap temp out 
decr? 
| ECS . pes (2) Procedure for changing J52 
SSR-1 ond J53 connectors 
[6] 352 SENSOR @ GLY EVAP H20 FLOW - 
SECONDARY LOOP @ Perform J52 FAILED off (center) 
ACTIVATION 0.0% sae sone © GUY EVAP mm PRESS 
© GLY EVAP IN TEMP - 


O14 @ GLY EVAP IN 
GLY EVAP psi TEMP ~ AUTO | 
TEMP INST FAILURE f ‘ 


MAN 
© Change J52 and J53 


[8] ining ve 
menval control 


Evap out temp goes § Ps z: 
| < 0,09 psi > 0.14 psi high again? | @ Control GLY ine aide 
cars EVAP IN TEMP © GLY EVAP STM PRESS 
viv manually to AUTO-AUTO 
maintain evap out © GLY EVAP IN TEMP- 
Ho} ty evar in Vries Aue 
TEMP CONTROLLER 
| 2 © GLY EVAP FAILURE 
STM PRESS 
AUTO = MAN 
@ GLY EVAP SIM 
INCR = DECR N Lu] @ SEC COOL te 
PUMP = ACI y 
| Ste press dct? # SEC COOL” ee baud 
YES EVAP.« EVAP 


Sec gly evap stm | 


press decr? | ECS | SECONDARY 
Loop 
NO Eg ACTIVATION 


FROZEN 
SSR-2 | STM OUCT 


@ 
| [14] © Paeform J52/ 


353 connector chang 


© ne 


lowe sees 
» GLY EVAP STM 


Thaw times are based on a 50°F 
rod out. Shorter thaw times by 
33% if rod out temp > 60°F. 


(eer ewr on | 


o GLY EVAP NO 
STM PRESS 


Voa[ PRIM STEAM 
PRESS LOW 


o GLY EVAP 


NOTE: If problem FAILED CLOSED GLY EVAP 
recurs, change J52 STM. PRESS 
with J53 and repeat AUTO ~ MAN 
Hep 16. © GLY EVAP STM 
INCR - INCR 
(for 58 sec) 
@ Perform J52/ 153 


{22 EVAP WAS 
FROZEN 


H20 CONT VLV 


loop with tod 


bypassed (per SSR~t) 
if prim rad out temp 
>4BeF 


TEMP CONTROLLER 


commector change 

@ Woit 15 min’ for 
evap to thaw 

® GLY EVAP H20 
FLOW - ON 
(for 3 min) 

e GLY EVAP STM 
PRESS AUTO - 
AUTO 


Evap dries out 
egain? 


NO 


4352 SENSOR 
FAILED 


Cont evop sim press 


<0.09 wai AUTO - MAN PRESS AUTO ~ 
a GLY EVAP 51m MAN idols manually (not < 0.12! 
INCR ~ INCR © GLY EVAP STM pai) ho wolntoin oly 
(for 58 sec) INCR ~ INCR evap: our temp 
Wait 20 min for (for $8 sec} between 45 8 55°F 
evap to thaw ® Wait 15 min for 
GLY EVAP SIM evap to thaw 
PRESS AUTO ~ # GLY EVAP H20 
AUTO FLOW - ON 
(for 3 mir) © GLY EVAP 
| 2 
for >1 min? STM PRESS VLV OR 
YES NT} TEMPORARY EVAP 


H2O CONTROL 
PROBLEM 


EVAP HO 
CONTROL 
PROBLEM DUE TO 
LOW CYCLIC 
LOADS OR H20 
FEED CAPABILITY 


servicing evap or 
activete sec loop 
with radiators 

bypassed per SSR-1, 
if PRE_GLY EVAP 
OUT TEMP > 60°F. 


0) Primary evaporator lost 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT. DOCUMENTATION TEAM 


SM-ZA-1510R 


SYMPTOM 


PRIM GLY EVAP 
OQuT TEMP LOW 


‘8 prim GLY ACCUM 
Qty HIGH 


'Ba} prim GLY DISCH 
PRESS HIGH 


THI$ SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


" [| Rad prim out 
temp < 50,5°F ? 


@ GLY EVAP 
STM PRESS 
AUTO - MAN 

e GLY EVAP SIM 
INCR - INCR 
(for 58 sec) 


@ GLY EVAP 
IN TEMP - MAN 


'@ GLY EVAP IN 


TEMP viv - MAX 


Gly evap temp out 
incr? 


TEMP OUT INST 
FAILURE 


Wa marta 


If occu qty >100%, 
set RAD PRIM HTR ~ 
off (ctr) before 


troubleshooting 


OFF (momentori ly) 


Gly disch press 
compatible with ind 
gly accum gty ? 


SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


@ GLY EVAP STM 
PRESS AUTO - 
MAN 

GLY EVAP STM 
INCR = INCR 

8 sec 


CONTROL VLV 
FAILURE 


@ PRIM EVAP 
H9O CONT - 
OFF 

Activote sec cool 
loop (with rad 
bypassed) as 
reqd fo maintain 
PRIM GLY EVAP 
OUT TEMP <60°F 


GLY EVAP TEMP 
CONTROLLER & 
INST FAILURE 

OR 
GLY EVAP TEMP 
CONTROLLER & 
GLY EVAP INLET 
TEMP VLV FAILURE 


e@ GLY EVAP STM 
PRESS AUTO - 
AUTO 

e GLY EVAP IN 
TEMP - AUTO 


Gly disch press 
compatible with ind 
gly occum qty ? 


HYR - off (ctr) 

@ GLY RSVR IN 
viv ~ OPEN then 
CLOSE” 

NOTED GLY RSVR 

TN shoul be 

rapidly cracred 

open and then closed 


EVAP OUT TEMP 
ind iner to = RAD 
PRIM OUT TEMP 
ind? 


SECONDARY 
LOOP 
ACTIVATION 


Gly evap temp out | iG 
normal 
(38-50.5°F)? 


CONTROLLER 
FAILURE 


Gly cecum qty incr ENO 
again? 


Yes 


Do ACCUM FILL 
VLV LEAKING 


PROCEDURE 


EVAP TEMP INST 
FAILURE 


is | Reoctivete prim 

evop 

@ GLY EVAP STM 
PRESS AUTO - 
AUTO 

o GLY EVAP IN 
TEMP ~ AUTO 


TEMP CONTROLLER 
FAILURE 


psi) to maintain gly 
evap out temp 
between 45-55°F 


evap temp in viv 
13] GLY ACCUM 
QTY IND FAILED 


BOILING IN 
GLYCOL LINE BY 
RAD HTR 


[2 | @ RAD PRIM 


HTR ~ off (ctr) 

© PRIM ACTUM 
FILL viv ~ ON 
then OFF 


10] Transient con- 


dition caused by 
iner in gly accum 
aty 


@ RAD PRIM 
HTR ~ forig config) 


REMARKS 


0) An estimate of gly evap out temp 
con be mode from steam press 
Conversion and/or suit temp=5°F 
(unsuited); -10°F (suited). 


Procedure for connector change 
GLY EVAP #50 FLOW ~ 
off (center) 

GLY EVAP STM PRESS 
AUTO - MAN 

GLY EVAP IN TEMP ~ 
MAN 

Change 62 with 63 
GLY EVAP HO FLOW - 
AUTO 

GLY EVAP STM PRESS 
AUTO - AUTO 

GLY EVAP IN TEMP - 
AUTO 


Changing 152 and 153 may 
possibiy correct the glycol 
@vop control problem. 


PRIM ACCUM QTY ind >65% 
may result in accum bellows 
sticking. If sticking occurs, 
cycle ECS prim giycol pumps. 


With GLY PUMPS - OFF, 
PRIM GLY DISCH PRESS 
thould be 1/4 eceum quantity. 


Localized boiling could have 
been caused by a reduction in 
glycol flow due to failed 
radiator isolation valve or a 
frozen radiator, or due to 
Incorrect positioning of: 

GLY RSVR viv (3) 

PRIM GLY TO RAD viv 

SUIT HT EXCH PRIM 

GLY vie 

Radiator restrictions can be 
determined by 4 to 6 psi drop 
in PRIM GLY DISCH PRESS 
when the rodiators ore 


bypassed. 


SM-2A-15STIN 


ore 


APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


PRIM GLY ACCUM 


QTY LOW OR 
DECREASING 


GLY ACCUM 
QTY SENSOR 
FALLURE 


@ RAD PRIM HYH 
1 


< DS 


Gly discn press Cheek for accu 
bellows sticking 


@ PRIM ACCUM 


compatiole with 
occum aty ind? 


| v5 


FILL viv - ON 
for 7 sec 
> ES Accum prim qty | YES ACCUM BELLOWS 
Accum pei ind @} returns to normal 
STICKING 
207 (30 ~ 65%)? 


@ PRIM GLY TO RAD 
BYPASS (pull) 

NOTE: 

YPOs Operation 

215 minutes con lead 

to rad Freezing. 

© SUIT HT EXCH 
PRIM GLY - 
BYPASS (CW) 

@ PRIM GLY ACCUM 
viv = ¢iose (CW) 


UNISOLATABLE 
LEAK IN GLYCOL 
CIRCUIT 


GLY reservoir as 
gccum 


@ PRIM ACCUM 


o FILL viv = ON 
coe ee Fit dns © PRIM GLY TO 
© PRIM GLY ACCUM ACCUM LEAKING RAD « HOBM 
viv = oben (CCW) . y 
ACCUM viv ~ come 
(ow) 
| NO 


@ RAD MAN SEL - 


RADI 15 | 
NO RAD PANEL 2 
After 17 sec, accum LEAKING 
prim aty deer? é 


YES 


@ PRIM ACCUM FILL 
viv - ON qty® 
30% then OFF. 

© PRIM GLY TO 

RAD ~ NORM 


Accum aty decr? 
| NO Select rad 2 
@ ECS RAD MAN 
SEL ~ RAD 2 
altar 
G 
decr? 


21 GLY LEAK IN 


©) 
LEAKING 


TO RAD - BYPASS 


LINE COMMON (pull) a 
20 TO BOTH RAD @ PRIM ACCUM 
loop for wit ht exch PANELS FILL viv» ON SECONDARY 
cn until accum qty Loop 


with rod bypassed 


ACTIVATION 
ECs 


>30% then OFF 


201 PRIM GLY DISCH [V] Accum prim qty 1NO 12 | 
PRESS LOW < 30%? PRIM HTR « off 


' 
<40 psi {ete 


= ECS GLY PUMPS - 
< KCUM gty +32 psi | 


[3] Verify sensor 


eECS GLY 
PUMPS - OFF 

@ PRIM GLY 
ACCUM viv = 


OFF (momentarily) 


close (CW) 
@ PRIM ACCUM 
FILL viv = ON 


Gly disch press NO 
compatible for indi- 


4 | GLY DISCH 


PRESS SENSOR 
FAILURE 


NO 


: cated gly occum 
ae 
18-22 psi? 
PRIM GLY ACCUM YES B22 pst 
LS] check for evi 


QTY LOw OR 
DECREASING 


GEC PRIMA @ Return to orig 
rs QTY IND FAILURE aly pump 
5 @ RAD PRIM HIR ~ 
close (CW) (3) orig sontig 
: © PRIM ACCUM 
FILL viv = 
Ne 
[ro] > 50 psig? DEGRADED OR 121 6 Switeh to 
# 21M GLY FAILED i redundant pump 
ACCUM viv = open @ PRIM ACCUM 
(COW wotit gly dish FILL viv ~ OFF 
press reoas 50 psig. RAD PRIM © PRIM GLY 
@ PRIM ACCUM i eas ACCUM vly ~ 
: TR - orig contig UM viv 
FILL viv ~ OFF open (CCW) 


RNRE LOCO COT TT OOTY 


17 Julv 1970 


Daca 


Bacic Data 


© © 


Normal range is 30-65% 
Sensor powered by ch ECS 
PRESS XDUCER | MDC-5. 

If the glycol leak is slow 
{~5%/hr) the leak source may 
be more rapidly detected by 
momentarily placing the gly 
accum viv off after each 
camponent is iolated. 


With pump off, glycol disch 
press should equal 1/4 occum- 
viator quantity. 


Use gly disch press when pump off 
(momentarily) to estimate accum 
qty ind. With GLY PUMPS - 
OFF accumulator quantity should 
Be 4 times pump disch press, 


Cycling the primary ECS glycol 
pump may free @ sticking accumu- 
lator bellows. 


Rodiator isalation valves take 
17 sec to position. 


Half of radiator heat rejection 


capability lost. 


The secondary radiator wilf 
freeze unless secondary 
coolant loop activated. 


Use primary coolant loop in 
evaporative mode when 
required for G&N operation, 
Constraints are evaporator 
20 consumption, 


With radiators by-passed, 
pump disch press is nominally 
2 psi lower than with rediators 
operating. 


With GLY PUMPS = OFF, 
glycol discharge press should 
equal 1/4 accumulator quantity 
indication. 


Degraded glycol pump may be 
verified by checking GLY 
PRIM COLDPLATE flow rate 
with MSFN, 


SM-2A @ 16613 


Bo11h 


SM2A-03-BLOCK II-J-(2) 
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SYMPTOM PROCEDURE 
SEC GLY Secrad our (LG SEC GLY Reduce elec 
EVAP OUT temp >480F? EVAP OUT TEMP H20 evap 
YES 


loads to keep evap 
INST FAILURE @ GLY PUMPS - out temp < 60°F 
P 
eee 1AC1 or 2 AC2 


and orient CSM for 


> 50.59F | 15 | Sec gly evap 0,09-0.14 PSI @ GLY EVAP STM idaoicobel 
sim press? PRESS AUTO - 
< >0.14 PSI ) wen 
0.09 . e@ GLY EVAPSTM GLY EVAP 
es [14] @ Perform No | INCR-DECR TEMP CONTROL- 
‘ YES J57/J58 connector (6-7 sec} LER ORSTM 
[6 | SEC COOL change Stm press decr? PRESS VALVE 
EVAP - RSET Gly evap out temp FAILURE 
(58 sec} decr? NO 
YES 
NO [11] STM PRESS ihre 
DUCT FROZEN 
J57 SENSOR SSR-2_} DUCT 
JAMMED FAILURE 


STM PRESS CON- 
TROL VALVE 


@ @ [i] Resnice evan} 
@SEC COOL e@SEC COOL 

EVAP - RSET EVAP - RSET 

@ Wait 20 min for @ Wait 15 min for 
evap to thaw evap to thaw 


(12 | @ Deer elec 


loads and orient 
CSM until evap ie Gate 
temp decr to 


normal 


NO 


a SEC COOL 
EVAP - RSET for 


SEC STEAM 
PRESS LOW 


58 sec, then off (ctr) 
e@SEC COOL eSEC COOL ' 
EVAP - EVAP EVAP-EVAP lygg U6] e Sec cooL Yes {eo Perform J57/J58 
for 6 sees then EVAP - EVAP connector change 
RSET for 10 secs @ Reservice evap per 
@ Repeat for NO 
20 cycles min 
(40 cycles EVAP 
reso nmyaned) Lig] TEMPORARY 
Stm press EVAP H90 CONT YES 


PROBLEM DUE TO 
LOW CYCLIC 


TEMPORARY 
LOADS OR TEMP EVAP H70 CONT 
MIS-SEATING PROBLEM DUE TO 
STM PRESS VLV CYCLIC LOADS 


OR H20 FEED 
CAPABILITY LOST 
H20 CON- 
TROL VALVE 
FAILED CLOSE 
Lt secrad out L<400r [ECS SEC ECS RAD 
| temp? loa] 1 OUT TEMP LOW 


problem recurs, 
change 157 with 
J58 and repeat 

step 14. 


J58 connector 
change 

@ Reservice evap 
per step 15 


Stm press iner 
> 0.14 psi? 


NO 


SEC GLY 
EVAP OUT 
TEMP LOW 


Decrease elec 
loads - sec evap lost 
> 480F 40-480F ) 


@ SEC COOL 


EVAP-RSET for \ves [3] TEMP CONT AND 
58 sec then off 44 sec ay evap [NOS] civ evar Temp 
(ete) OEE Dp ee OUT INSTR 


8 | Reactivate sec 
evap 
@SEC COOL i 
EVAP -EVAP 


< 389F 


GLY EVAP 
SEC OUT TEMP 
INST FAILURE 


© 


Shutdown sec 


eva [8 | 5 e Perform J57/| YES J57 SENSOR 
YES tte ee aly ie J58 connector B FAILURE 
RSET for 48 see pea he change 


| @SEC COOL EVAP | 
xrad out temp? 


then off (ctr) Gly evap sec out 
| tempore? | Fa armas 


NO Shutdown the sec 
evap when evap out 
temp reaches 38°F 


gly evap out temp 
by bypassing sec rad 
until evap out temp 
reaches 60°F 


and reactivate when 


evap out temp 
a OF 


TEMP CONTROL- 
CER FAILURE 


Aa SOLON AS SOE 


REMARKS 


‘O) Procedure for changing J57 
and J58 connectors: 

@SEC COOL EVAP- off (ctr) 

@ Change connectors 
e@ SEC COOL EVAP- EVAP 


Q@) Repetition of this step may 
be necessary. 


©) Thaw times are based on a 
50°F rad out temp. Shorter thaw 
times at 33% if rad out temp 

> 60°F, 


QQ) Changing J57 with J58 may 
possibly correct the gly evap 
temp controller problem. 


@ Infer secondary glycol 
evaporator outlet temperature 
from secondary glycol 
evaporator steam pressure 
indication. 


® Procedure for changing J57 
and J58 connectors: 
@SEC COOL EVAP - off (ctr) 


e@ Change connectors 
@ SEC COOL EVAP- EVAP 
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| SYMPTOM _ PROCEDURE REMARKS 4 


23) SEC ECS RAD OUT 
TEMP HIGH 


Sec giy evap 4 
Operating normaily 7) N 

(atm geome 0.1 = 
0,14 psi) 


TEMP INST 
FAILURE 


> 70°F (except 
for Lunar Orbit) 


© Heater operction can be con 
firmed by ammeter change 
during switching operation. 
A current will be: 
30 amp - both operating 
15 amp + one operating 


SEC GLY EVAP 
OUT TEMP HIGH 


SEC GLY DISCH 
PRESS LOW 


@ RAD SEC 
HTR + OFF 
Sec rad in temp 
deer? 


EXCESSIVE 
HEAT LOAD FOR 
SEC COOL LOOP 


@ Monitor RAD 
SEC OUT TEMP 


OFF 
0 Below 40°F, 

RAD SEC HTR ~ 
SEC 


@ Decr sec ECS 
heat load 

@ RAD SEC HTR - 
sc 


Pe 


Assumes secondary loop is in 
operation. Sensor it powered 
by cb ECS RAD CONT/HTRS 
MNA (MDC-5). 


@ RAD SEC HTR - 
SEC 


Sec gly disch press 


for solar heating 
and/or incr ele: 
loods 


sec out temp ? current 

@ RAD SEC HTR - 
OFF 

© Check total CSM 


current 


Heater operatior can be con- 
firmed by amneter change 
during switching operation. 
Acurrent will be: 
30 amp - both operating 
15 emp ~ one operating 


@ ECS RAD SEC 
OUT TEMP IND 
FAILURE 


@ Une SEC GLY EVAP OUT 
TEMP indicator with ECS 
RAD SEC IN TEMP indicator 
to estimate secondory radiator 
outlet temperoture, 


SEC GLY DISCH 
PRESS LOW 


6 | ONE OR BOTH 
HTR FAILED 


HTR ~ SeC (if one 
htr is operating) 


( 1 ) Normat range 30-55%. 


Warne 


If sec occum qty 
2100%, shut 
RAD SEC HTR~ 
OFF before 


With glycol pump off, glycol 
, discharge press should equal 
1/4 accumulater quantity. 


PUMP ~ off (ctr) 


{momentari y' 


HTR - SEC 
© Attempt reduction 


i j € sec aty by 
troubleshoot} Gly disch sec pres of we @ 
eal, /cemiee ae 
Joop temp, 


gly aceun aty? YES 


LOCALIZED 
BOILING BY RAD 
MTR 


gly system for other 
indications of flow 
restrictions. If 
restriction is indi~ 
cated, byposs 
radiators. 


ACCUM QTY 
INST FAILURE 


0) This symptom is also valid 
when secondary glycol loop is 
not in operation. Accum gty 
and disch press sensors 
powered by cb SEC COOL 


261 sec GLY ACCUM 
QTY DECREASING 


LL] serser check _] 


@ SEC COOL 


@ RAD SEC HTR SYSTEM LEAKING 


SEC (if reqd) 
- D SEC HTR - SEC 
momen “oe @ GLY TO RAD SEC et ee 
row it . 
Sly ae ee « GLY TO RAD viv - NORM ae 
compatible for SEC viy = Gl ® With pump off, glycol dir 
ea PA! ly accum qty 
lodleated gly “ an . exch stobi lized? chorge pressure should equal 
cum aty f SEC GLY - vt 1/4 gly accum quantity, 


ByrAS> Humidity control and wit loop 
cooling not available from 
secondary loop when mit ht 
exch is bypassed. A glycol 
leok will exist whenever the 
secondary suit ht exch is 

used ond could result in 
glycol contamination in the 


suit loop. 


NOTE: Bypass oper 
operation > 15 min 
can lead to rod 

freezing. 


Gly aceun qty 


LEAKING 


SEC viv = BYPASS 
@ Reduce CSM elec 
loods 


@ SEC COOL 


PUMP = ACI or If leak is determined, 
(AC2) (iF reqd) suit ht exch isolated temporery deactivation of 

@ RABSEC HTR ~ unless required. pump may conterve glycol 
SEC {if regd) SYSTEM (CANNOT Check CO? Filters for future use. Rodiator 

o GLY TO RAD & ISOLATED) periodically for heater to be OFF when pump 
SEC viv « NORM seizure. is OFF. aa 

e SUIT HT EXCH FT: 
SEC GLY - 


FLOW 


TH ANNED COPY PROVIDED BY SPA RA AT DOCUMENTATION PAV SM-2A~1666G 


Basic Date ae July 1970 Change Date Pave 5-120 


SEC GLY 
DISCH PRESS 
LOW 
<39 psi or 


¢ aegum aty 


7 +31} 


HyO 
DUMPING 
OVERBOARD 


POTABLE HoO 
QUANTITY 


DECREASING 
RAPIDLY 


WASTE H2O 
QUANTITY 

DECREASING 
RAPIDLY 


FOOD PREP 
WATER TEMP 
Low 


Racine Mata 


APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


@ Disch press and accum gty 


@ SEC COUL 
PUMP ~ off (ctr! 
Gnomentarily? 


Gly disch sec press 
press compatible 
with indicated gly 


PRESS INST OR 
ACCUM SEC QTY 
INST FAILURE 


@ H30 QTY 


IND sw ~ WASTE 


Waste H20 aty 
10%? 


@ PRESS RELF 
ial ~ OFF 
® HO QTY IND 
ow = POT 


YES 


5) PRESS RELF 


VLV FAILED OPEN 


YES 


L7]. PRESS RELF 


sal - OFF 


Deer stops? 


© POT H20 
HR =~ cedundont bus 


Water temp incr? 


GLY ACCUM 
Y DECREASING 


@ SEC COOL 
PUMP - redundant 
bus, 


Gly disch sec press 
incr? 


PUMP QUTPUT DUE 
TO ELEC PROBLEM 


DEGRADED SEC 


HTR ~ OFF (if gt 
pump APL) de 


@ Reduce elec 
loads 


AC BUS 1 (2) 
[ 14] 40] VOLTAGE Low 


| 2] Bypass H2 ‘seporotor 


@ Disconnect QDs in fotlowing 


order: 
Red QD from H2O IN 


Yellow QD from Urine/H20 


Sys Interconnect 


Green QD from H20 OUT 


@ Reconnect QDs in following 


order: 
Red QD to H2O OUT 
Yellow QD to original 
connection 
Green QD to HZO_IN 


SEPARATOR 


[sf Waste te IN 
viv = CLOSE ize) 
@ HS QTY IND 
a ~ POT 


| WASTE TK IN 
VLV FAILURE 


e@ WASTE TK 
IN viv ~ CLOSE 


YES G) 


Hs | LINE LEAK IN 
WASTE H20 SYS 


[ia | LINE LEAKAGE 
IN WASTE H 
SYS OR SENSOR 
FAILED 


circult 


FAILURE FROM MN 


f BUS A OR B 


SEL FAILED IN OFF 


NO © PRESS RELF 
sel - OFF 


Dump stops ? 


SET FAILED IN 
RELF POS 


[ole POT TK IN 
viv - CLOSE 


LINE LEAK 
B EEN POT TK 
IN VLV ANO 
WASTE TK IN VLV 


@ PRESS RELF 


POT H2Q HTR 
FAILED OR 
DEGRADED 


OF POT OR WASTE 
HaO TK BLADDER 


{10 | LEAK IN POT 


H2O SYS OR SEN~ 
SOR FAILURE 


a) 


© 
© 


© 


semsor powered by cb ECS 
SEC COOL XDUCERS (2) 
(MDC-5). 


With glycol pump off, glyco! 
discharge pressure should 
equal 1/4 accumulator 
quantity, 


{ce particles visible through windows 
with no monual dump scheduled. 
MSEN can aiso verify by HaO dump 
nozzle temp, 


Yellow QD disconnected to gain 
access to QD at H2O OUT 
connector. 


Dump flow will taper off rather 
than stop suddenly if leaking 
separator is bypowed. If dumping 
does not stop, reconnect QDs to 


original connections. 


Incoming fuel call water 
will still pass through this 
leak. 


This failure is not serious 

and will result in approxi-+ 

mately equal quantities Way 
being maintained in potable Ww 
and waste water tonks, ta) 


Prim & sec evap unusable. 
Water evaporators can be 
used by periodically opening 
the woste tank inlet vaive 

for approximately 2+3 minutes 
until the eveporator wicks 
are saturoted. Water line 
leakage will occur during 
these periods. 


Monitor cabin humidity . 
Check for water in CM. 


SM2A~-16635 
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SYMPTOM 


ENTRAPPED 
GAS IN 
POTABLE H20 


31 


URINE OVERBOARD 
OUMP NOT 
DRAINING 


31a 


WASTE H20 
OVERBOARD DUMP 
NOT ORAINING 


HANDBOOK 


APOLLO OPERATIONS 
PROCEDURE 


REMARKS 


2 | Isolate pot tk 

@ POT TK IN viv- CLOSE 
 H20 QTY IND sw- POT 

® Oraw off 1 qt H20 (water gun) 


System is usable. Quantity 
gaging capability is compramised. 


13} GAS IS OXYGEN 


FROM PRESS SYSTEM @) If suited, purge suit periodically. 


©) Allow 2 hrs for heater operation. 
Orient CSM for maximum exter- 
nal heat on dump nozzie (-Y -Z) 
in attempt to clear probable ice 
block. 


@ Replace 
amie filter 


Urine backs [Urine backsug? _| 


to heat ovbd dump 
nozzle 

@ URINE OUMP- 
redundant htr 


@) Spare UTS receiver assy stowed 
in R-11, 


YES 


PLUGGED 
URINE FILTER 


14] URINE 
HEATER 
FAILURE 


8) Use waste 


H90 vent line 


uTS DEVICE 


BLOCKED @) Water tanks Ha and Q9 bleed 


capability lost unless waste H70 
dump line interconnected. 


@) Auxiliary dump capability 
through side hatch is also 
available. 


URINE OVBD 


DRAIN ® Remove waste 


H90 ovbd dump 
fine O-D cap 
and stow. 
@ Remove flex 
hose from Q-0 
@ Connect flex 


® Battery vent capability lost unless 
urine dump line interconnected 


3} e Orient 


CSM to heat 


WASTE H20 


ate DUMP NOZZLE @ Remove waste H20 hose ta waste 
nozzle i i 
ovbd dump line HO vent line 
@ WASTE 420 Q-D cap and stow. 
DUMP - redun- @ Remove flex hose 
dant hte 


from 0-D 
@ Connect flex hose 
to waste H20 dump 
line with spare 
filter in between 


H20 DUMP 
HTR FAILED 


32 


INADEQUATE 
VENTILATION 
AFTER 
LANDING 


[| Cycie PL 


vent sw 


Ventilation incr? 


ATTITUDE 
SENSING SW 
FAILED 


Actuate 
PLVC 
e@PLVC sw- 
OPEN 


NO 


oO) Postlanding vent switch must be 
cycled to OFF and back ta HIGH 
(LOW) anytime CM attitude 
exceeds 60° to reset attitude 
control relay. 


Resets atti- 
tude sensors relay 
to resume PLV 
operation 


@® Ventitation available only by 
opening either hatch. 


33 


WATER INFLOW 
AFTER LANDING 


Basic Date 


THB SGANKEDTOPY Is PROVIDER RYaSPAGERIAFE IT DOCUMENTATION TEAM Page 


@PLVC ww: epi vent. {NO UNCONTROLLABLE 
NORM OFF WATER INFLOW INTO CM 
——— —- CAB PRESS RELE 
viv (2) - CLOSE 


$ 


YE 


[4] Inflow caused by ATTITUDE 
open PLV viv SENSING SWITCH 
FAILED OPEN 
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SPECIAL 
SUB 
ROUTINES 


SECONDARY 
LooP 
ACTIVATION 
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SM2A-03~BLOCK II-J-(2) 


® PUIM/SEC) GLY TO RAD 


‘AP STM 
PRESS AUTO - MAN 
@ GLY EVAP STM INCR 


for 58 sec 
o ol Pine - OFF 


° 
e 


® pital vent outlet te sun 
GLY EVAP STM AUTO - 
GLY EVAP STM INCK - 


. tec) 

@ GLY EVAP IN TEMP ~ 

@ GLY EVAP #20 FLOW - 

e reaiadag IN TEMP viv - 
fo in prim out te 
GLY EVAP STM INCE - 
(6-7 sac) 


@ SEC COOL EVAP - off (et 
© SEC COOL PUMP - ACT or AC2 
¢ RAD SEC MTR - SEC 

@ RAD PRIM HITR - of {cr} 


RAD SEC HTR - OFF 
SEC COOL EVAP - 
RESET for 58 sec then 
of Ter) 
OL PUMP -~ 
off (ctr) 
SET EVAP HO CONT viv + 
OFF 


® GLY EVAP H20 


FLOW - ON 


1 min = off {c) 


15 min 


© PRIM GLY TO RAD ~ BYPASS (pull) 


© ECS IND sel - SEC 

@ GLY TO RAD SEC viv - 
NORM (rod open) 

o SRE TOOL PUMP - 
AC! (or AC2) 

o SEC GLY BISCH PRESS 
ind = > 39 po 

@ RAD SEC HR - SEC 
(rad apen) 

@ SEC EVAP H2O CONT 
viv - AUTO 

« SEC COOU Evar ~ evar 

@ SEC GLY EVAP QUT” 
TEMP ind ~ 40-50.5°F 

© SUIT HY EXCH SEC GLY 
viv = FLOW (If regd) 


© ECS IND sof - PRIM 
@ PRIM GLY TO BAB 
viv = NORM 
oe Gly AR. 1 ac) 
@ PRIM GLY DISCH PRESS 
ind = >40 pel 
RAD PRIM HTR - 1 
GLY EVAP IN TEMP - 
AUTO 
PRIM evap 420 CONT 
vly = AUTO 
Giy EVAF stm 
PRESS AUTO - AUTO 
PRIM GLY EVAP OUT 
TEMP ind ~ 40-50*F 
SUIT CKT HT EXH- ON. 


for 30 secs then off (ctr) 
o CAB TEMP - AUTO 


@ GLY EVAP HO 
FLOW ~ ON 
(2 min) then 


off (ctr) 


@ GLY EVAP STM 
PRESS AUTO - AUTO 

© GLY EVAP H20 FLOW - 
AUTO 

eo GLY EVAP IN TEMP - 
AUTO 

o PIM’ GLY TO RAD viv ~ 


NORM 

0 RAD PR HTR- RM 

@ RAD SEC WTR ~ OFF 

@ SEC COOL FUME” 
off (ctr) 


0) 


Hone panel of the primary raiieter 
fs leat, the secondary sadletes 
thould be weed, etharwiee the 
secondary vedleter will be leet dup 
10 freezing. 


Operation of beth content lenge 
timultenseuly may remit in bow 
red cut tomp. Te prechabe red 
frenzing, terminate even aperetion 
if pomible. 


GEN, DSE, ond Signal Corati- 
toner ere net coldpleted en 
secondary loop. Usage timity far 
this equipment ere an fallow: 


GEN 17% duty cycle with max 
on thee of | he 55 min. 


OSE 66% duty cycle with max 
on there of 2 bes. 


0) Primary glyco! evaporeter tumper= 


ature inlet con be appronimated 
by secendary radiator intet 
temperature, 
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SYMPTOM PROCEDURE | REMARKS 


The EMS MODE ew csumed 
to be in STBY for ot leost 
5 sec before self-test started. 


Lift vector up Null bios 
"ton in TEST 3? tolerance in TEST 4 check failed? ACCELEROMETER 


ond QV TEST ? EMS last except EMS RSI. 


FAILED 


during CMC AV (3) 
[EMS ogres? fed, 7 | TORQUE PWR 


YES SUPPLY FAILED 


All self test capability lost, 
For entry, G-Drive, ond 
corridor verification will be 
erroneous, AV/RNG ind, 
V AXIS and EMS RS! 
uneffected. 


RANGE OUTPUT 
FAILED 


AUTO pasition functions of 
EMS MODE sw lost for entry 
only. 


Corridor verification 
Ineperative with EMS 


MODE tw ~ BACKUP. 


uN F 
10] THRESHOLD [Jo Ems MODE 


RNG display COMPARATOR BACKUP sai G 
drives in ENTRY? FAILED Gee oak 


© 


EMS FUNC - TEST} 


NO 
lost only. 


13] .05 Git 
FAILED ON 


Lows of threshold cue only 
(.05 G It), RNG Ind 

operation is indication of 
.05 G, 


RESISTOR IN 
TEST 1 FAILED 


0) EMS FUNC - TEST 1 
capability lost only. 


RNG SET capability lost. 
SCS AV posible only if AV 


G/V SCROLL 
ASSY DOES 


TEST 1 


NOT SLEW POS OF EMS FUNC display is driven positive by 
(TEST 1) SW FAILED OPEN plocing the GTA sw ~ on 


{s). then - off oligo) ot 
desired value. G&N 
or AV monewer with the 
SPS THRUST - DIR ON can 
be monitored by the change 
in the AV display (down to 
- 9999 fos). Vo con be set 
by using EMS FUNC - 
TEST 4 {repeatediy if 
necessary), stopping the 

V drive at the desired 
value by EMS FUNC - 
TEST 5. No backup 
Capability available. 


e Resume EMS self 


test 


©) EMS lost for ENTRY except 
threshold, carridar, 
and EMS RSI. AV functions 
unaffected. 


.05 G LT OUT 
(TEST 2) 


Q) ENTRY functions of EMS 
inoperative except EMS RSI, 
AY functions unaffected. 


IMPLEMENTING 
GATE FAILED 


Range display 
drives? 


® EMS FUNC - TEST 2 
inoperative, 


@® EMS operation unaffected. 
RNG ind operation is 
indication of .05 G. 


Raetn TRatn UF Tatar TAMA Seay om Pd ary hie 


SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE 


LIFT VECTOR ON 
LT WILL NOT 


COME ON 


(TEST 3) 


RNG IND WILL 
NOT SLEW 
(TEST 3) 


| 
| 
| 
| 


C) GC) ree is no method of distinguish~ 


OP, 
Cartan 


Do not use corridor 
verification lights 
during entry 


COMPARATOR OR 


TORQUING 
RESISTOR IN 
TEST 3 FAILED 


oO Lift vector up LES 
It on in TEST 3? 


NO 


6 | 10 SEC TIMER 
OR TIMER CiR- 
CUITRY FAILED 


V-AXIS and 


RNG ind drives in 
TESTA? 


NO 


La] RANGE ind | YES 
slews in TEST 37 


NO 


YES 


Range display drives 
negative? 


NO 


ENTRY AND 
10 SEC TIMER 
IMPLEMENTING 


GATE FAILED 


@) 


VERIFICATION 
CIRCUITRY OR 
SCROLL 2 G SW 
FAILED OPEN 


Oo Lift vector up 
It on in TEST 5? x 


YES 


a RNG ind 
initialization 


Before proceeding 

with TEST 4: 

@ EMS MODE - 
STBY 

@ EMS FUNC - 
TEST 5 

EMS FUNC - 
TEST 3 

oe EMS MODE - 
NORM 

© Contine self tests 


2] LIFT VECTOR 


OF EMS FUNC SW DN LT FAILED OFF 


FAILED OPEN 


© 


® | 


NO 
: I 16} SLEW CIRCUIT 
13 Lift vector dn {YES 14] AV/RNG ind | YES 15] AV/RNG ind [YES 
it on in TEST 3? drives in TEST 4? drives in RNG SET? ree OPEN IN 


NO 


NO 


119] Altemate range 
got 


© EMS MODE - 
STBY 

© EMS FUNC - ay 

© EMS MODE - 


(19) 


OV/RNG IND 
FAILED 


8 | AV/RNG 


SLEW CIRCUITRY 
FAILED 


is in AV/RNG 
ind 

@ EMS MODE - 
STey 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION: TEAM 


REMARKS 


ing between these failures. 


Corridor verification, AV TEST, 
TEST 3, TEST 4, ond TEST 5 
inoperative. EMS operational 
during entry, but acce.erometer 
accuracy can be verified for 
confidence by comparsion with 
a CMC AV. 


ENTRY functions of EMS inoperan 
tive except EMS RSE AV functions 
unaffected. 


Corridor verification its inopera- 
tive oc invalid during TEST and 
ENTRY. 


This step assures initialization of 
the range integrator for TEST 4. 


G)rst 3 lost, RNG ind may be 


tested in TEST 4 by noting that 
the RNGind drives to negative 
58.0 +.2NM. 


Lift vector dn lt fost in TEST 3 
and ENTRY. Bockup ENTRY 
information from CMC or MSFN. 
No It 10 sec after .05 G could 
be used to indicate lift vector 
down. 


EMS ooeration unaffected. 


@) Normoi RNG SET method lost. 


AV-RNG ind lost. 


SM-2A =} 558E 


SYMPTOM 


Racir Date 


APOLLO OPERATIONS HANDBOOK 


[1] v-axis faite 
to drive? 


a Fails to drive? 


7 Tule ra7Tn 


PROCEDURE 


VeAXIS AND 
RNG 


PULSE SCALER 
AND &NG DISPLAY 


LOGIC CKT FAILED § 


OF-TOLERANCE 


[2] Our-of-tel ek 
je Pertorm Av TEST 
STBY 

@ EMS FUNC - 
TEST 5 

‘@ Slew V AXIS to 
next test pattern 

@ EMS FUNC + 
TEST 3 

© Slew range to 58.0) 

« EMS MODE ~ 


NORM 
@ EMS FUNC ~ 
TEST 4 


RNG ind drives 
hormal ly 


J | RANGE 
INTEGRATOR 
FAILED 


AXIS DRIVE 


OF EMS FUNC SW 
FAILED OPEN. 


CIRCUITRY OPEN 
FROM 10 SEC-TIMER 


TIMER OUT-OF = 


TOLERANCE 


REMARKS 


@ EMS FUNC ~ TEST 4 capability 
lost. .EMS operational but accal- 
eromber accuracy con be verifled 


only by performing's AV TEST. 


@ TEST 4 ond AV TEST only lost. 
@ V-axis and range display fost. 


This failure will invalidate the 

AV TEST and TEST 4, except the 
G-axis display. EMS should be 
operational but corridor 
verification erroneous during entry. 


®) V AXIS and RNG information 
erroneous oniy. 


0) EMS FUNC ~ TEST 4 lost bur EMS. 
operation during entry shovid be 
normal . 


@) V AXIS, AV and RNG information 
erroneous. Other EMS information 
uneffected. MSFN may be able to 
supply & correction factor for this 


error. 


@) There is no method of distinguish- 
ing between these two failures. 
Scrolt velocity information will be 
erroneous. Ronge readout of 
uncertain validity. 


Q) This check constrained by test 
pattern availability. 


Q@) EMS ENTRY and AV functions 
unaffected. 


@) RNG ond AY displays jast. 


@) RNG display lost. 


‘O) Scroll G dimploy erroneous . 


@ Scroll G displey lost. Backup 
G information from CAC or 
G meter. 
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SYMPTOM | PROCEDURE REMARKS 


CG) Lift vector up It lost in TEST § 


ond ENTRY. Backup entry angle 
8 fl 8 
LIFT VECTOR UP J Lift vector dn It |NO G-AXIS drive | YES [2 Juirt vector 
tT NOT ON on in TEST 5? Pe UP LT FAILED OFF & 


information from CMC or MSFN. 
normal in TEST 5? 


No It 0 sec after .05 G could 
be Used to indicate lift vector up. 


(TEST 5) 


NO 


Corridor verification lost during 
TEST Sand ENTRY. Backup 
entry angle information from 
COMPARATOR MSFN or CMC. 

CIRCUIT FAILED 


| 6 |e EMS MODE - 
NO sTBY 
@ EMS FUNC ~ 
RNG SET 
* Slew display off 


RNG ind resets to | NO 
zero? 


YES 


G-AXIS 
DOES NOT 


Lift vector up 


lt on in TEST 5? (3) ems FUNC - TEST 5 lost only. 


DRIVE 
(TEST. 3) 


POS OF FUNC 
SW FAILED OPEN 


[8 | G-AXIS drives {NO 


‘) Scroll G dispiay inoperative. 
to zero in RNG 


“AXIS FAILED 
(MECHANICAL} 


YES 


AXIS CIRCUITRY 
OPEN TEST 5 


EMS operation unaffected. Use 
alternate RNG SET method . 


RNG IND DOES 
NOT SLEW IN 
RNG SET 


G-AXIS zero's | veg 
in RNG SET? 


| SLEW LOGIC 


TIN RNG SET FAILED] 
OPEN 


Alternate RNG 
SET 


@ EMS MODE ~STBY 

@ EMS FUNC - 
4V_SET 

@ Slew desired range 

® EMS FUNC (CW) ~ 
Vo SET 

© EMS MODE «NORM 

® Continue EMS 

checkout 


@) ENTRY operation unaffected. 


RNG SET 


POS OF 
FUNC SW FAILED 
OPEN 


This failure oraduces an error 
only in the initial phase of the 
G race. 


GHAXIS 
DOES NOT 
ZERO IN 
RNG SET 


a G-AXIS zero's 
in ENTRY? 


in RNG SET? 


CIRCUITRY OPEN INI 
RNG SET 


0) Range display erroneous during 
ENTRY. Other ENTRY functions 

unaffected after Vo slewed by 

alternate methods . 


[2 | Alternate slew 
VeAXIS 


@ EMS FUNC (CW) - 
TEST 5S 
@ Slew detirad Vo 


V-AXIS 
DOES NOT 
SLEW IN 
Yo SET 


YoSET 
POS OF FUNC 
SW FAILED OPEN 
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APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE REMARKS 


| CG) G) 0) ENTRY TEST patterns 


constrain optien ef ENTRY 
Oa FAILS TO DRIVE 2 
@ EMS MODE - STEY] No 
DISPLAY FAILED 


self test, 
| OUT OF TOLERANCE @ EMS FUNC - 


(1) TEST | 


eo EMS Moor - 
: NORM 
ENTRY self test © Kerform ENTRY 
@ EMS MODE - STBY 


aV/RNG IND 
ABNOWAAL IN 
av TEST 


AV/RNG Ind leet for AV 
moneuver and ENTRY, 


self test 


AV/RNG ind (s) 
drives TEST 4? 


YES 6] av test 
POSITION OF 


FUNC SW FAILED 
OPEN 


® AV TEST only lost. 


® EMS RSt, V-AXIS and RNG 
displays unaffected during 
ENTRY, AV, G-AXIS and 
corridor verification fost. 


VeAXIS and RNG 
within tolerance in 
TEST 4? 


All 4V, EMS velocity and 
RNG Information erroneeus 
during test modes. EMS should 
be operational, but corridor 
verification erroneous during 
ENTRY, 


19 | ACCELEROMETE 
TORQUER PWR 
PPLY FAILED 


111 ACCELEROMETER 
FAILED . 


EMS RSl unaffected. All 
ather EMS functions lost. 


SPS THRUST 
LT NOT ON IN 


Sy TEST 


Q) THRUST ON signal lost in 
AV TEST only, 


@ EMS FUNC - 


@) Altemate AV SET necessary 


4V IND DOES 4Y TEST 
NOT SLEW IN 0 EMS MODE - for SCS AV's. For CMC 
OV_SET NORM or MANUAL AV's (DIRECT 


THRUST sw), monitor the 
negotively driven AV ind 
for velocity change 

information, 


@) AV/RNG ind lost, 


AV ind drives 
negutive? 


NO 


4] 4V/RNG IND 
FAILED 


OV/RNG 
SLEW CIRCUITRY 
FAILED OPEN 


le EMS MOGES ST8Y 


When desired BV 
SET in display 
@ GTA~ off (down) 


@) Slew lost for AV SET only, 


[8 [AV POSITION 
OF FUNC 


EMS MODE - 
NOQRM 


Thrust cutoff discrete and 
AV functions of AV/RNG 
ind lost. Performing a post- 


Hieeceun FUNG St burn AV TEST and/or 
FAILED ‘ll aid j 
DURING AV'S TEED OREN ENTRY test will aid in 


(MOST PROBABLE 
FAILUR' 


failure identification. 


G) EMS functions unaffected. 


EITHER LUFT 
VECTOR LT ON 


PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


DMECAKU I—HLUUK Lied=( 2) 
APOLLO OPERATIONS HANDBOOK 


SYMPTOM PROCEDURE 


DOCK PRO 
Witl NOT 
FOLD 


| 3] © Verify probe support beams unloaded 
© Using tools F, Wand 1, remove nut and bolt from 
one end of shock struts (3) 
© Connect probe umbilicals (2) (yellow) 
© Cock docking latches No, 1&3 
@ Ch DOCK PROBE (2) - closed 
© Cb SECS ARM (2) = closed 
@ After MSEN AOS, SECS TOGIC (both) - on (up) 
@ After go from MSFN, SECS PYRO ARM (2) « on (up) 
@ PROBE EXTD/REL ~ RETRACT 
@ PROBE RETRACT SECT 
© PROBE RETRACT (2) ~ off 
@ SECS PYRO ARM (2) - off 
@ SECS LOGIC (bath) - off 
© Ch SECS ARM (2) ~ open 
@ Manvaliy release docking latches 1 & 3 
© Pretoad the prabe 
@ PROBE EXTD/REL - EXTD/REL for 20 sec. mox. 
@ Verify extend latch indicator (red) is visible 
© Depress probe BLEED button (red) at intervals to ‘allow 
probe to axterid slowly 
PROBE EXTD/REL - EXTD/REL ond hold 
Pull probe aft (20 tb) to release from drogue 
PROBE EXTD/REL - OFF (release) 
Ch DOCK PROBE (2) =" 
Disconnect probe umbilicals (2) (yellow) and remove 
probe from tunnel 


© Remove drogue from LM side 

© Connect probe umbilicals (2) (yellow) 

@ Cb DOCK PROBE (2) - close 

@ Verify LM tunnel heteh open and 
crew clear of tunnel 

@ PROBE EXTD/REL - EXTD/REL for 
20 sec. max, 

© Verify probe extension 

# Ch DOCK PROBE (2) - open 

© Using tools F, W ond 1, remove nut 
ond bolt from one end of shock struts (3) 

@ Fold support beams by pulling probe 
towerd CSM 

@ Disconnect probe umbificals (2) 

(yellow) and remove probe from tune! 


DOCK PROBE | 4] Troubleshoot System A(8) 
before removing probe a1 follows 


EXTD/REL tb 

CON ar PROBE EXTO/REL iG 12] @ PROBE RETR (2}~ OFF 
CAPTURE e mote rere - @ ch DOCK PROBE (2) - span 
(TLD only) PRIM T (SEC 1) @ Interchonge probe umbi Tea! 


connectors (cut cable retainers 
Hf necessary) 

@ Cock docking latches I ond 7 
@ ch DOCK PROBE (2) - close 
© PROBE EXTD/REL - RETR 


SYSTEM A (8) 
CIRCUIT FAILURE 
IN PROBE 


th OR th 6 | PYRO OR GNZ 
CIRCUIT FAILURE BOTTLE FAILURE 


SYSTEM A (8) 
CIRCUIT FAILURE 
!N CSM 


@ interchange 
umbilicals again 
Use SEC 2 (PRIM 2) 


to initiate only 


aveilable GN2 
bottle when (PRIM 1) and SEC-2 
required (PRIM 2) to ‘initio te 


two available GN2 


}@ Manually release bottles when res 


docking latches 
No.'s Lond 7 


docking latches 
No.'s 1 ond 7 
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SYMPTOM 


FWO HATCH 
WILL NOT 
UNLATCH 


FWO HATCH 
WILL NOT 


drive clutch engage 
2 


@ Remove gearbox 
mounting screws (3) 
and spocers (ute tools 
Wond 4) 

@ Unstow octr nondie 
and rotate away from 
hatch approx 30° 

@ Push actr handle out 
board rotating gear 
bex approx 40° CCW 
to release latches 

@ Remove hatch from 
tunnel 


© inspect to identify 
frozen latch(es} 

@ Remove dome nuts 
from long pivot 
screws of frozen 
fotch. (Use toois F, 
W, 2 ond 4) 

@ Remove long pivot 
screws and rotate 
latch dog to clear 
striker plate 

@ Unlatch mechanism 

@ Install hatch 


SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


PROCEDURE REMARKS 


gearbox 
@ AUX LATCH 
ORIVE ~ rotate 
113% (use tool 8) 
@ Remove tool B and 
verify hatch 
unlateh 


(© reinstall hatch 


@ Align hatch in 
tunnel 

Rotate georbox 
approx 40° CW 
ond reinstall 
gearbox mounting 
screws (3) 
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STA/T STEP PROCEDURE 


5.3 EMERGENCY PROCEDURES 


yftq viseg 


INTRODUCTION 


Emergency procedures provide the crew with the necessary steps to quickly alleviate situations 
that have (or will) become both crew-hazardous and time-critical. These procedures require instant 
reaction on the part of the crew to prevent the conditions from becoming worse. In most instances 
the conditions are physically sensed by the crew rather than brought to their attention by the 
caution and warning system or voice communication from MSFN. 


3.3.1 PAD EMERGENCY PROCEDURES 


5.3.1.1 Rapid Hatch Opening To accomplish rapid hatch opening after engaging 
latches, the hatch must be configured for rapid 
egress as shown in 4.2.1 (step 6), Cabin Closeout. 
Gear box sel - UNLATCH (verify) Side hatch 


Sete et Olt ATe Lt 


Actr handle rel - push or squeeze 


Actr handle - opr (until hatch is Lock pin will be sheared. About 5 cycles of 
unlatched ) actuator operation will open hatch. 


FANNIN KALLA AAAAKAARAA AAT 


If hatch fails to open 

GN2 ratchet handle ~ opr 
; GN2 viv handle - unlock & 
push (outbd) 


HMOOGAINVH SNOILVUAdO OTIOdy 
(2)"f-II NOOTE-€0-VeNS 


x x 
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LeL7S 


9.3.1.1 
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EMERGENCY PROCEDURES 


Vee YO 


SN 
STA/T STEP PROCEDURE PANEL REMARKS : 


5.3.2 FLIGHT EMERGENCY PROCEDURES 


eseq Distayy 


5.3.2.1 Fire/Smoke in CM During Boost 


ee ase SOLO ATONE ir 


1 CAB FAN (both) - OFF (verify) 


Mon EPS inds for excess current. 
Immediately remove pwr from 
affected bus to prevent 
further damage to critical sys 


If in abort mode I or II 
SUIT COMPR 1 (or 2) - on good ac bus 


If in abort mode III & affected bus is 
MNA (or B) 
TVC GMBL DR (2) - 2 (or 1) 
INV 1 (or 2) AC1 (or 2) - OFF 
INV 2 (or 1) AC1 (or 2) - on (up) Powers both ac buses with inverter from good main bus. 


rh CAB PRESS RELF viv ~ DUMP (safety 
latch off) 


‘MOO@ANVH SNOILVUAdO OTTOayY 
(Z)“f-II WOOTE-€0-VveNS 


~~ hen 


Continue appropriate abort 


Te ins 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


9.3.2.2 Fire/Smoke in CM - Orbital Operations 


a. Suited Crew 
LMP CAB FAN (both) - OFF (verify) 2 
Mon EPS inds for excess current. 
Immediately remove pwr from 
affected bus to prevent further 
damage to critical sys 
SUIT COMPR 1 (or 2) - on good ac bus 4 
Fire extinguisher - use as 
appropriate 


a}eq oIseg 


OL6T 4Toe LT 


OTTOdV 


“f-II MOOTE-€O-veNs 


Water dispenser used on all open nonelectrical fires. 
Foam fire extinguisher used on fires behind panels, 
closed compartments, and electrical fires. 


Fire out 


WARNING 


Pee, Soucy) 


Combustion products may be toxic. 
Smoke should be removed from cab 
per Contam in CM, 5.3.2.4 

(step 3b) before removing helmets. 


Fire persists 

Dump cab as follows 

CDR SUIT: RETURN vlv - close 380 
(push) (verify) 

CMP EMER CAB PRESS sel - OFF 351 
(verify) 

CDR REPRESS PKG vlv -— OFF 326 
(verify) 

ALL PGA ~ vis integrity check 


HMOOPANVH SNOILVUAdO 


Btls 


5.3.2.2 


Uy 


EMERGENCY PROCEDURES 


(2) 


ULoOL LEV LL 


SN EO 


STA/P STEP PROCEDURE ce 
CDR , LMP rh CAB PRESS RELF vlv - DUMP 325 | Provides controlled cabin dump until suit circuit 
(safety latch off) until pressure verified. 
CAB PRESS ind 3.0 psia, then 2 
to BOOST/ENTR 
LMP SUIT PRESS ind — holding 
>3.5 psia (verify) 
CDR , LMP rh CAB PRESS RELF viv — DUMP 325 
&/or CAB PRESS DUMP viv - Side 
open (CCW) hatch 


CAB PRESS ind — 0.0 psia for 6 min 2 |Time period is a function of equipment oxygen 


exposure and saturation level. 


rh CAB PRESS RELF vlv — NORM 325 
(safety latch on) & 

CAB PRESS DUMP viv - Side 
close (CW) hatch 


WARNING 


Do not repress cab until fire source 
removed. Reignition may occur with 
additional damage. If condition 
lasts longer than 10 min, gly cir- 
culation & temp cont must be 
re-established. 


(Z)~f-II wOols-€o-vens 


SSSA ASA AAA AAAS SDAA SAA AAPPDOPSS DPD OPAPP PDDPLPS PLD D LPL OP PLP PPPS PPP LPP ETE 


Unsuited or Partially Suited Crew 
Don emer 02 mask (refer to 

Oper of Emer 02 Masks, 4.5.4.15) 
LMP CAB FAN (both) - OFF (verify) 
SUIT COMPR (both) - OFF 


MOOGANVH SNOILVUAdO OTTOdV 
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EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


Mon EPS inds for excess current. 
Immediately remove pwr from 
affected bus to prevent further 
damage to critical sys 
Fire extinguisher - use as Water dispenser used on all open nonelectrical fires. 
appropriate Foam fire extinguisher used on fires behind panels, 
closed compartments, and electrical fires. 


Fire out 


Sd ne eee Se ae 


WARNING 


Combustion products may be toxic. 
Smoke should be removed from 

cab per Contam in CM, 5.3.2.4 
(step 3b) before removing helmets. 


Fire persists 
Don PGA except helmet (refer to 02 connections red-to-red and blue-to-blue. Use 02 
PGA Mode Changes, 4.5.4.6) masks as long as possible. 


(2)"f-II WOOTd-€O-VveNs 
NAAN AAAARN AAA LRN EER EER EE 


DIRECT 02 viv ~ OPEN (cCW) Purges suit inlet manifold, suit hoses, and PGA 
portion of suit circuit. 
Remove emer O2 mask & don helmet 
SUIT FLOW viv (3) - 300 , 301, 302 
FULL FLOW 
SUIT COMPR 1 (or 2) - AC1 (or AC2) 4 
DIRECT 02 vlv - close (CW) 7 
EMER CAB PRESS sel - OFF 351 
PGA - vis integrity check 
rh CAB PRESS RELF viv — DUMP Provides controlled cabin dump until suit circuit 
(safety latch off) until pressure is verified. 
CAB PRESS ind 3.0 psia, then 
to BOOST/ENTR 


HOOPAGNVH SNOILVYAdO OTTOdv 
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NAAN RAL 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


SUI? PRESS ind ~ holding 2 
>3.5 psia (verify) 
rh CAB PRESS RELF viv — DUMP 325 
&/or CAB PRESS DUMP vlv - Side 
open (ccw) hatch 
CAB PRESS ind ~ 0.0 psia for 6 min 2 {Time period is a function of equipment oxygen 
exposure and saturation level. 
rh CAB PRESS RELF viv — NORM 325 
(safety latch on) & 
CAB PRESS DUMP viv - Side 
close (CW) hatch 


Vater e 


WARNING 


Do not repress cab until fire 
source removed. Reignition may 
occur with additional damage. If 
condition lasts longer than 10 min, 
gly circulation & temp cont must 

be re-established. 


5.3.2.3 Fire/Smoke in CM During Entry 


CMP 1 CAB FAN (both) - OFF (verify) 


MOOPANVH SNOILVYEdO OTTOdy 
(2)-£-II WOOT -€0-VenS 


LMP 2 Mon EPS inds for excess current. 
Immediately remove pwr from affected 
bus to prevent further damage to 
critical sys 


CDR 3 RHC PWR DIR (both) - MNA/MNB, & 
maintain att if req 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


4 
LMP 


~ mee 


5 If affected bus is MNB 
INV 2 AC2 ~ OFF Powers both ac buses with inverter being powered 
INV 1 AC2 - on (up) from good de main bus, providing ac power for suit 


6 rh CAB PRESS RELF vlv - DUMP (safety 


7 Continue entry 


5.3.2.4 Contamination in CM Types, sources, and amount of contamination not 


1 Don emer 02 mask &/or PGA immediately 


5.3.2.4 


Yy 


If affected bus is MNA 
INV 1 AC1 ~ OFF 3 | Powers both ac buses with inverter being powered 
INV 2 AC1 — on (up) from good de main bus, providing ac power for suit 
compressors and SCS. 


Set up for CM/RCS sys 2 System 1 is normal and system 2 is redundant. 
AUTO RCS A/C ROLL (4) - OFF 
AUTO RCS CM 1 (6) - OFF 
AUTO RCS CM 2 (6) — MNB 
Use only RHCs to dump RCS prplnts, If CM PRPLNT DUMP switch used with MNA bus failed, 
not CM PRPLNT DUMP sw all oxidizer not expended. 


compressors and SCS. 


Use only RHCs to dump RCS prplnts, If CM PRPLNT DUMP switch used with MNB bus failed, 
not CM PRPLNT DUMP sw all fuel not expended. 


“f-II MOOTd-co-v2ens 
MARAANQAAAAAAQAQALALAAAAAAARALRAA LARA AA KALA SSE 


(2) 


latch off) 


HMOOPANVH SNOILVUAdO OTTIOdV 


defined. The very existence of contamination in CM 
is treated as an emergency. 


(refer to Oper of Emer 02 Masks, 
4.5.4.15 & PGA Mode Changes, 4.5.4.6) 


EMERGENCY PROCEDURES 


v,,-.e,eevees iii 


MOOR AQ OOO 


\ 


Wee i P°k Ah do 


wpe ow 


2 Evaluate contam level, & isolate or 
correct source of contam 


3 If contam persists 

a. Acpt contam level in cab Slow removal of contamination accomplished with WASTE 
STOW valve (panel 252) in VENT position. 
Retain O02 mask or remain 


If in PGA, adj DIRECT 02 
for SUIT CAB AP >2 in. 


b. Dump & repress cab 
Retain or don PGA (refer to PGA Mode 
Changes, 4.5.4.6) 
PGA ~ vis integrity check 
Perform CM Press Dump, 4.5.4.11 
Perform CM Repressurization, 


4.5.4.8a 
5.3.2.5 Contamination in Suit (Suited Crewman) Contamination originates within suit circuit if, after 
purging with oxygen, contamination still present. 
1 SUIT COMPR 2 — AC1 
2 SUIT COMPR 1 — OFF 


3 DIRECT 02 viv — OPEN (CCW) for 1 min, 
then close (CW) 


4 If condition persists 
SUIT COMPR 2 —- OFF 
DIRECT 02 viv - close (cw) 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE PANEL REMARKS 


CDR 


CMP 


5.3.2.6 EMERGENCY PROCEDURES 


YYyw@/ J oF 


SAN Www 


Doff helmet 

Don emer 02 mask (refer to Oper of 
Emer 02 Masks, 4.5.4.15) 

Determine contam cause 


5.3.2.6 LET Fails to Jettison 


a. Tower legs cut/no jett mot ign 
LES MOT FIRE pb - push 1 
If tower jett successful, 
TWR JETT (both) - OFF (ctr) 2 
Continue mission 


Guarded. 


Guarded. 


If tower jett unsuccessful 
TWR JETT (both) - OFF (ctr) 
Report to MSFN & go for orbit 


Guarded. 


b. No response to TWR JETT. sws 
Verify the following 
eb SECS ARM (2) - close 8 
cb SECS LOGIC (2) - close 
ecb EDS (all) - close 
SECS LOGIC (both) - on (up) 
SECS PYRO ARM (2) - on (up) 
EDS PWR — on (up) T 
TWR JETT (both) - on (up) 2 
If tower jett successful 
TWR JETT (both) - OFF (ctr) 
Continue mission 


(2)"f-II MOOTa~€o-veNs 


MAAAAAMAARAAAAAN A AAAAAAAAAARAAAAAAAAAALN QAR EEE ERE 


Lever lock. 
Lever lock. 


MOOPANVH SNOILVUAdO OTIOdV 


Guarded. On (up) position is momentary. 


Guarded. 


If tower jett unsuccessful 
TWR JETT (both) - OFF (ctr) 
Report to MSFN & go for orbit 


Guarded. 


tee WII 


\\ 


ir 
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WN 
STA/T STEP PROCEDURE PANEL REMARKS : 


5.3.2.7 Forward Hatch Cannot Be Re-installed 


Position hatch & depress tunl 
Don PGA, 4.5.4.6, thermal gloves, & : 
check suit ckt, 4.5.4.9 : 
CAB PRESS ind ~ 4.8-5.2 psia (verify) : 
02 FLOW ind — 0.4-0.6 lb/hr (verify) 
Position fwd hatch against tunl hatch 
seal interface misaligning hatch 
ind arrows by 30° in either direction 
While pushing hatch firmly against tunl 
hatch seal interface 
TUNL VENT viv - TUNL VENT 
Wait one min, then place 
TUNL VENT viv - LM/CM AP 
Mon LM/CM AP ind & verify AP =2.5 psid. When LM/CM AP ind indicates ~2.5 psid, hatch should 
If AP #2.5 psid, recycle TUNL VENT be held immobile against seal by AP. 
viv until AP ind is =2.5 psid 
Continue mon LM/CM AP ind for 1 min This constitutes a hatch seal integrity check. 
after reaching ~2.5 psid & verify no 
detectable change in AP ind 


FAO AAAAKAAAKAAAAK ANAK ALAR ATA AAA AAAAAS 


LM/CM AP ind - press differential decr 
Mon CAB PRESS ind & 02 FLOW ind 

If CAB PRESS ind & 02 FLOW ind If this condition occurs, further action is dependent 
remains stable, LM hatch is upon LM documentation. 
probably not integral 

If CAB PRESS ind decr & 02 flow 
ind incr, CM fwd hatch is 
probably not integral 


MOOGANVH SNOILVUAdO OTTOdY 
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STA/T STEP PROCEDURE 


Pressurize tunl using 
PRESS EQUAL viv 

Open fwd hatch, 4.5.7.4a 

Check for foreign object(s) 


9FEC, VisSeE 


5 jammed in tunl/hatch, seal 
C4 interface, or hatch seal > 
a damage U 
iy Reposition fwd hatch against ie 
Ne) hatch seal interface te 
3 Reinitiate tunl depress & 0 wy 
hatch seal integrity check OB 
2 x x ks 
. XXXXXXXXXXXXKXXXXKXKXKXXXKXXXXXXKXXKXKKXKXXXXXNXKXKXX Sir 
J 1 
: Perform LM Jettison, 4.10.1.6 cds 
y) ie 
‘ Perform the following ~l hr prior to CM/SM 45 
: sep to raise CM press to max design ar 
press of 8.6 psid d, 
CAB PRESS RELF viv (2) - CLOSE an 
REPRESS PKG viv - OFF ao 
EMER CAB PRESS sel - OFF td 
CAB REPRESS vlv - open (cw) e) 
REPRESS 02 - CLOSE 2 
When CAB PRESS ind - 8.6 psia 
CAB REPRESS vlv - OFF (CCW) 
J REPRESS PKG vlv - FILL 
4 Begin entry prep, 4.15 
60K! REPRESS 02°— OPEN 601 } Provides an additional 3 psia in =1 minute period. 
CDR 50K' Report CM stable 
JST 
i 
& 
A 


5.3.2.7 EMERGENCY. PROCEDURES 
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STA/T STEP PROCEDURE 


CMP 


CDR 40K’ 


GRAM AAAI ANAL A ARAL LAA AEE ARRAS, 


CM unstable 
RCS CMD ~— OFF 


APEX COVER JETT pb - push 
DROG DPLY pb — push 
(2 sec after apex cover jett) 


x x 
XXXXXKXXKXXXXXXAKKXAXXAKRKAXAXKXXAXKKXAXKXXKKXKXK 


ELS LOGIC - on (up) 
ELS AUTO - AUTO 


SCS RCS disable (auto) 


FERIA AA KAS 
RCS CMD ~ OFF 


HoexxxxXxXXXXXXXXK 
Apex cover jett (auto) 


aa a ec ac 


x 
APEX COVER JETT pb — push 


x x 
XXXKXXKAXKXKXHAKAKKKKXKKAKARKKXAXXKKX 


Drogue chutes deployed (auto) 


REMARKS 


2]|OFF position is momentary. 


1 | Guarded. 
Guarded. 


Guarded. 


OFF position is momentary. 


The apex cover will be jettisoned at 24K feet plus 
0.4 second. 


Guarded. 


Drogue parachutes deployed at 24K feet plus 
2.0 seconds. CM may be very unstable until drogue 
chutes disreef in =11 seconds. 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


wee 


HOAKAAAAKAKAKAKAAAXAXAF 
DROG DPLY pb - push 


x. x 
XXKXXXXXXXAXAXXXKKARXXXXKX 


‘ 


Guarded. 


HAA AKAAAH AAA AAA AAA AA AAAAKAKK A 


If no drogue deploy 
ELS AUTO — MAN 
Stab CM with direct RCS 
5K' MN DPLY pb — push 
ELS AUTO - AUTO 


x x 
XXXXXXXAXXXXXXXXKXXXKXKXXXKXXKXXXXXK 


Vase “bE ak 


Guarded. 


Main chutes & VHF recovery ant 


Auto deployment occurs between 10,950 and 9,100 feet. 
deploy (auto) 


Parachutes disreef in ~15 seconds after pilot mortars 
fire. 


MN DPLY pb - push (within 1 sec) Guarded. MN DPLY pushbutton should be pushed within 
one second after pilot mortars fire to ensure 


simultaneous deployment of main parachutes. 


(2)“f-II wO0TE-E0-VveNS 
NAAR NANA SER LAR eee 


+20 sec Immediately following mn chute disreefing, 
CMP must egress from ctr couch & 
position himself in an optimum stance 
to support fwd hatch (~85 lbs) 
When CMP in position 
CAB PRESS DUMP vlv ~ open (CCW) Side 
(full open) 


HOOGANVH SNOILVUAdO OTTOdY 


As press equalization allows fwd hatch 
to move, retrieve hatch & stow in 
hatch stowage bag 


9.3.2.7 EMERGENCY PROCEDURES 


Sess esse 1/77 Yi 


\ 


a 


STA/T STEP PROCEDURE PANEL 


CAUTION 


se ie 


Care must be exercised in handling 
fwd hatch because it will be at a 
high temp. 


CAB PRESS DUMP viv — close (CW) Side hatch 
Set up entry comm 
VHF ANT ~ RECY 3 
VHF AM A - SIMPLEX 
VHF BCN ~ ON 


ULoOL ATRL LT 


Xmit voice (VHF AM) reporting 
Position 
Mn chutes disreefed 
Splash err 
Crew stat 
Crew couch struts (4) - unlock 


WARNING 


RCS prplnts should not be purged 
because of open hatch. 


cb FLT/PL BAT BUS A, B, & BAT C 
(3) - close 

cb FLT/PL MNA - open 

cb FLT/PL MNB -— open 

cb RAD HTRS OVLD (2) - open 

eb SPS PITCH (2) - open 

cb SPS YAW (2) - open 


yuk s 


EMERGENCY PROCEDURES 


REMARKS 


If VHF AM B SIMPLEX or VHF AM A DUPLEX is required, 
turn off beacon during period of transmission. 


Continue voice transmission until touchdown. 
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STA/T STEP PROCEDURE 


VLU LD bi 


me pe 


5.3.2.7 


FLOOD FIXED — POST LDG 


FLOOD DIM ~ 1 or 2 


CM RCS PRPLNT (both) - OFF 


CM RCS PRPLNT tb (both) - bp 


DIRECT 02 viv - OPEN (cCW) 
MN BUS TIE (2) - OFF 


CAUTION 


MN BUS TIE sw (2) must be left in 
OFF position to ensure bats A, B, 

& C are used to pwr postlanding 

bus only, & to prevent bat shorting 
caused by water entering CM feed- 
thru conns. 


cb BAT RLY BUS (2) - open 
Postlanding Check, 4.17 


8 | Provides power from flight and postlanding bus to 


one floodlight in LH couch area and one floodlight 

in center couch area. Minimize floodlight use during 
postlanding. Maximum utilization should be 9.6 hours 
per 48-hour period. 


Position 1 provides power to two secondary floodlights 
and position 2 provides power to two primary flood- 
lights when FLOOD LTS FIXED switch in POST LDG 
position after dc main buses deactivated. 


OFF position is momentary. 


Barber pole indicates at least one propellant isola- 
tion valve (fuel or oxidizer) closed in particular 


system 1 or 2. 


Removes battery power from de main buses A and B. 


EMERGENCY PROCEDURES 


EN ERGENCY 


sr, sss // 


yy 


NNN NNN NANI SN 8 rw Oe re er ck, 


f-II MOOT -€O-VZNS 


(2) 


SAAN NAAN ARR ANA AA ANAL AAAS ecenee ee 
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\\ 


Wades b APb te db 


PROCEDURE 


5.3.2.8 Emergency Safe of Apex Cover Jett 


If no MSFN GO for pyro arm indicates apex 
cover jett 
SECS LOGIC (both) - OFF 8 | Lever lock. 
cb ELS/CM SM SEP (2) ~ open 
SECS LOGIC (both) - on (up) Lever lock. 


If MSFN GO 
cb ELS/CM SM SEP BAT A — close 
eb ELS/CM SM SEP BAT B — open (verify) 


If MSFN GO 
cb ELS/CM SM SEP BAT B - open (verify), 
close at or after apex cover jett 
at 2h! 
Continue norm entry 


If still indicates apex cover jett 
cb ELS/CM SM SEP BAT B - close 
cb ELS/CM SM SEP BAT A — open 
SECS LOGIC (both) - OFF, then ON 


MSFN confirm GO 
cb ELS/CM SM SEP BAT A — open (verify), 
close at or after apex cover jett 
at 2hK' 
Continue norm entry 


LLLLL LLL LEAMA LA PALS SL SSA A APS SPP SS 
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If still indicates apex cover jett 
eb SECS LOGIC A - open 


EMERGENCY PROCEDURES 
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STA/T STEP PROCEDURE 


If MSFN GO 
cb SECS LOGIC A - open (verify), close 
at or after apex cover jett at 2K! 
Continue norm entry 


So ee) ees 


If still indicates apex cover jett 
eb SECS LOGIC A - close 
cb SECS LOGIC B - open 


weer ~ 


If MSFN GO 
cb SECS LOGIC B - open (verify), close 
at or after apex cover jett at 2hK' 
Continue norm entry 


If still indicates apex cover jett 
ELS AUTO - MAN 
ELS LOGIC -. OFF Guarded. 
SECS LOGIC (both) - OFF 8 | Lever lock. 
cb SECS LOGIC (2) ~ open 
cb SECS ARM (2) - open 
cb PYRO A&B/SEQ A&B (2) - open 
Pyro bus A&B - 0 vde (verify) 
Use tool E (5/32 allen head) to remove 
closeout pnl located beneath pnl 276 
(=10 fasteners on pnl) 
Remove or cut all wires to conn (P5445) 
marked "cut". with white tag. Tape 
ends of wires cut. Replace closeout 
pnl 
cb PYRO A&B/SEQ A&B (2) - close 


(Z)*feII WOOTaCO~VeNS 


a Sh OO SO ra 
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5.3.2.8 EMERGENCY PROCEDURES 


ANNAN NAN NNN TO 


\ 


a aoe 


wave 


AY AA Y 


PROCEDURE 


Pyro bus A&B voltage - >35 vde (verify) 
cb ELS/CM SM SEP (2) - close 

ecb SECS LOGIC (2) - close 

cb SECS ARM (2) - open (verify) 


Continue norm entry except 
Perform CM RCS Pressurization, 4.15.1.4, 
& CM/SM Separation, 4.15.2, together 
at which time arm pyros as follows 


PYRO B ARM - SAFE (verify) Lever lock. 
PYRO A ARM - on (up) Lever lock. 


To jett apex cover at 2K’ 
PYRO B ARM — on (up) Lever lock. 


Continue norm entry 


-2.9 One Y Strut Will Not Fully Extend The other Y strut should be extended and locked as 
and Lock the following operations are performed. 


Break lockwire on one Y strut adjustment 
jam nut of the affected Y strut 


Using tool F, unscrew jam nut 


MOOGANVH SNOILVUAdO OTTOdV 
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Disengage washer key so that strut bearing 
pad will turn 


Screw strut bearing pad inbd until strut 
can be extended & locked 


Replace washer key, & tighten jam nut Lockwire and key not required for water landing. 
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STA/T STEP PROCEDURE REMARKS 


9. 3.2.10 


|. Verify elect for pressurization 

CMP cb EPS BAT BUS (2) - close 229 
cb PYRO A/SEQ A - close 250 
eb PYRO B/SEQ B - close 

CDR cb SECS ARM (2) - close & 

SECS PYRO ARM (2) - on (up) 


Lever lock. 


MAARARAAHAAAAAQAAAQAXQDAD A AAA AARLAL SALLY ALARA AR 


SECS LOGIC (both) - on (up) Lever lock. 3 
> 
Cycle CM RCS PRESS - on (up) b 
WwW 
! 
Verify elect to CM RCS prpint vivs be 
cb EPS GRP 1 & 3 (4) ~ close 229 8 
CDR cb SM RCS HTR A&B (2) ~ close 8 n 
cb RCS PRPLNT (2) - close 8 
t 
cy 

Cycle CM RCS PRPLNT (both) - on (up) Bae, 


(2 


RRS QA 


Open He & PRPLNT crossfeed 
cb EPS GRP 5 (2) - close 229 
eb RCS LOGIC (2) ~ close 8 

CDR CM RCS LOGIC - on (up) a 

CM PRPLNT DUMP - on (up) (mom), 
then OFF 


MOOGANVH. SNOILVURdO OTTIOdV 


Guarded. 


2-3.3 POSTLANDING EMERGENCY PROCEDURES 


5.3.3.1 Fire/Smoke in CM During Postlandin 


a. Stable I 
Don emer 02 mask (refer to 2 
Oper of Emer 02 Masks, 4.5.4.15) 


363.361 EMERGENCY PROCEDURES 


YYyywppgpr—w—;yn zg oem mT7;™;SANH)F7 |7)7}H;?{7]7?Z/ 


Af 


wN 


\ 


\ 


STA/T STEP 


CDR 


| CMP 


\ \ ~ hy WN SS NN : SS 


PROCEDURE 


and/or 


b. 


DIRECT 02 viv ~ close (CW) (verify) 

cb ENTRY/PL BAT A, B, C (3) - open 

cb PYRO A/SEQ A ~ open 

cb PYRO B/SEQ B - open 

Fire extinguisher ~ use as 
appropriate 


Egress CM (refer to Stable I Water 
Egress Procedure, 4.17.4.2) 


Stable IT 
Don emer 02 mask (refer to Oper 
of Emer 02 Masks, 4.5.4.15) 
DIRECT 02 viv - close (CW) (verify) 
Fire extinguisher ~ use as 
appropriate 


Upright CM to Stable I (refer to 
Postlanding Stab, Floating 
Inverted, 4.17.1) & proceed 
to step a 


If CM fails to upright 
Perform Stable II Water Egress 
Procedure, 4.17.4.3 


Water dispenser used on all open nonelectrical fires. 
| Foam fire extinguisher used on fires behind panels, 


closed compartments, and electrical fires. 


Water dispenser used on all open nonelectrical fires. 


Foam fire extinguisher used on fires behind panels, 
closed compartments, and electrical fires. 


EMERGENCY PROCEDURES 
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APPENDIX B 


CM PANEL ILLUSTRATIONS AND CONTROL/INDICATOR CONFIGURATION LIST FOR CSM lle 


This section contains CM panel illustrations and a control/indicator configuration list 
for CSM 112. Panel illustrations present the location of the displays and controls as 
they appear on the panels in the CM The control/indicator configuration list provides 
the configuration of the CM displays and controls prior to backup crew cabin ingress, at 
lift-off, and during powered down configuration (low power consumption periods). Those 
talkbacks (tb) are included which reflect the last position selected of spring loaded 
switches. (Talkback indicators that are operated by sensors will not be listed.) The 
CSM control/indicator configuration list presents the panels in numerical sequence. 

The switches are not to be sequentially positioned as listed. 


Constraints applicable to the spacecraft when in a powered down configuration are as 
follows: 


@ No contingency modes are assumed. Power up capability exists at all times for 
all systems. 


@ All spacecraft systems draw minimal power except communications, caution and 
warning, and life support subsystems. Power is removed from all backup 
communications systems. The G&C system has been powered down to the level 
defined by: Power Down Program (P06), 4.8.1.2, Optics Power Control, 4.8.1.4 
step 2, and SCS Power Down, 4.8.4.1. 


@ Power shall be removed from redundant monitoring and unnecessary flight 
qualification instrumentation by opening applicable circuit breakers. 
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NOMENCLATURE 


EMS FUNC 
| EMS MODE 


GTA sw 


EMS GTA COVER 


CMC ATT 
FDAI SCALE 


FDAI SEL 


FDAI SOURCE 


ATT SET 


MAN ATT ROLL 


MAN ATT PITCH 


MAN ATT YAW 


LIM CYCLE 


ATT DBD 


RATE 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


OFF 


STBY 

off (down) 
Secure 

IMU 

of 1: 

1/2 

CMC 

GDC 

RATE CMD 
ACCEL CMD 


RATE CMD 


| OFF 


| MIN 


HI 


AT LIFTOFF 


AV 

STBY 

off (down) 
Secure 
IMU 

O75 

ive 

CMC 

GDC 

RATE CMD 
ACCEL CMD 
RATE CMD 
OFF 

MIN 


HI 


CSM CONTROL/INDICATOR CONFIGURATION 


POWER DOWN 


OFF 
STBY 


N/A 


THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGPAGNVH SNOILVUAdO OTTOdY 
(2)-f-II MOOTE-€o-vens 


THe PWR 

RHC PWR NORM 1 
RHC Pwr NORM 2 
RHC PWR DIR 1 
RHC PWR DIR 2 
SC CONT 

CMC MODE 


BMAG MODE ROLL 


BAAG MODE PITCH 


BMAG MODE YAW 
SPS THRUST 

AV THRUST A 
OV ‘THRUST B 
SCS TVC PITCH 
scS TVC YAW 
GMBL MOT Pl 
GMBL MOT Pe 


GMBL MOT YL 


OFF 

OFF 

OFF 

OFF 

OFF 

SCS 

FREE 

RATE 2 

RATE 2 

RATE 2 

NORM (locked) 
OFF (guarded) 
OFF (guarded) 
RATE CMD 


RATE CMD 


PANEL 1 


on (up) 
AC/DC 

AC/DC 
MNA/MNB 
MNA/VINB 

SCS 

FREE 

RATE 1 

RATE 1 

RATE 1 

NOR4 (locked) 
OFF (guarded) 
OFF (guarded) 


AUTO 


as desired 


OFF 


as desired 
FREG 

RATE 2 

RATE 2 

RATE 2 

NORM (locked ) 
OFF (guarded) 
OFF (guarded) 
as desired 

as desired 


OFF 
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COVSPALL 


NOMENCLATURE 


GMBL MOT Y2 
AV CG 

ELS LOGIC 

ELS AUTO 

CM RCS LOGIC 
CM PRPLNT DUMP 
CM PRPLNT PURG 
IMU CAGE 

EMS ROLL 

-05 G sw 

a/Pe IND sw 

LV IND/GPI sw 
TVC GMBL DR PITCH 


TVC GMBL DR YAW 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


CREW CABIN INGRESS 


AT LIFTOFF 


PANEL 1 (CONT) 


OFF 

LM/ CSM 

OFF (guarded) 

AUTO 

OFF 

OFF (guarded) 

off (down) (guarded) 
off (down) (guarded) 
OFF 

OFF 

a 

SII/SIVB 

AUTO 


AUTO 


OFF 

LM/CSM 

OFF (guarded) 

AUTO 

on (up) 

OFF (guarded) 

off (down) (guarded) 


off (down) (guarded) 


SII/SIVB 
AUTO 


AUTO 


POWER DOWN 


OFF 

CSM 

OFF (guarded) 

N/A 

OFF 

OFF (guarded) 

off (down) (guarded) 
off (down) (guarded) 
OFF 

OFF 

as desired 

GPI 

i 


1 
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a ons 


Vewe. 77 


EVNT TMR RSET 


EVNT TMR START 


KVNT TMR MIN 


EVNT TMR SEC 


up (ctr) up (ctr) up (ctr) 


etr ctr STOP 
ctr ctr etr 
ctr ctr ctr 
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NOMENCLATURE 


PL VENT VLV 


PROBE EXTD/REL 


PROBE EXI'D/REL A tb 


PROBE EXTD/REL B tb 


PROBE RETR PRIM 


PROBE RETR S 
EXT RUN/EVA 

EXT RNDZ LTS 
TUNL LTS 

LM PWR 

SM RCS A He 

SM RCS A He 

SM RCS B He 

SM RCS B He 


SM RCS C He 


EC 


LTS 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


push (lock) 


OFF (guarded) 


gray 
gray 

OFF 

OFF 

OFF 

off (ctr) 
OFF 

OFF 

ctr (CLOSE*) 
bp 

ctr (CLOSE*) 
bp 


ctr (CLOSE*) 


PANEL 2 


AT LIFTOFF 


push (lock) 


OFF (guarded) 


gray 

gray 

OFF 

OFF 

OFF 

off (ctr) 
OFF 

OFF 

ctr (OPEN*) 
gray 

ctr (OPEN*) 
gray 


ctr (OPEN*) 


CSM CONTROL/INDICATOR CONFIGURATION 


POWER DOWN 


push (lock) 
OFF (guarded) 


gray 


| gray 


OFF 
OFF 
OFF 
off (ctr) 
OFF 
OFF 
N/A 
N/A 
N/A 


N/A 


| n/a 
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SM 


RCS 


RCS 


RCS 


RCS 


RCS 


C He l 


PRESS 


IND sw 


A He 2 


A He 2 


B He 2 


B He 2 


D He 2 


D He 2 


A HTRS 


B HTRS 


tb 


tb 


tb 


tb 


tb 


tb 


bp 
ctr 


bp 


(CLOSE* ) 


BLOCK 


BLOCK 


off 


N/A 


OFF 


(down) (guarded) 


(CLOSE* ) 


(CLOSE* ) 


(CLOSE* ) 


(CLOSE* ) 


*ITdentifies last momentary position switched to. 


PANEL 2 


gray 

ctr (OPEN*) 
gray 

BLOCK 
BLOCK 

off (down) (guarded) 
PRPLNT QTY 
ctr (OPEN*) 
gray 

ctr (OPEN*) 
gray 

ctr (OPEN*) 
gray 

ctr (OPEN*) 
gray 

OFF 


OFF 


N/A 

N/A 

N/A 

as desired 
as desired 
off (down) (guarded) 
N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 


N/A 
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CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


POWER DOWN 


NOMENCLATURE 


PANEL 2 (CONT) 


SM RCS C HTRS OFF OFF N/A 


SM RCS D HTRS OFF OFF N/A 


SM RCS A PRPLNT ctr (CLOSE*) ctr (OPEN*) as desired 


SM RCS A PRIM PRPLNT tb bp gray 


SM RCS A SEC PRPLNT tb bp gray 


SM RCS B PRPLNT etr (CLOSE*) etr (OPEN*) as desired 


SM RCS B PRIM PRPLNT tb b ra 
Pp gray 


SM RCS B SEC PRPLNT tb bp gray 


SM RCS C PRPLNT etr (CLOSE*) ctr (OPEN*) as desired 


SM RCS C PRIM PRPLNT tb bp gray 


SM RCS C SEC PRPLNT tb bp gray 


SM RCS D PRPLNT ctr (CLOSE*) ctr (OPEN*) as desired 


SM RCS D PRIM PRPLNT tb bp gray 


SM RCS D SEC PRPLNT tb bp gray 


RCS CMD ctr (OFF*) ctr (OFF*) ctr (OFF*) 
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RCS TRNFR 
CM RCS 1 PRPLNT 

CM RCS 1 PRPLNT tb 
CM RCS 2 PRPLNT 

CM RCS 2 PRPLNT tb 
RCS A SEC FUEL PRESS 
RCS B SEC FUEL PRESS 
RCS C SEC FUEL PRESS 
RCS D SEC FUEL PRESS 
EDS AUTO 

CSM/LM FNL SEP 1 
CSM/LM FNL SEP 2 
CM/SM SEP 1 

CM/SM SEP 2 

SIVB/LM SEP 

PRPLNT DUMP 


2 ENG OUT sw 


ctr (SM*) 


ctr (OFF*) 


ctr (OFF*) 


ctr (OPEN*) 
ctr (OPEN*) 
ctr (OPEN*) 


ctr (OPEN*) 


off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
AUTO 


AUTO 


*Identifies last momentary position switched to. 


etr (SM*) 

etr (on, up*) 

gray 

ctr (on, up*) 

gray 

ctr (CLOSE*) 

etr (CLOSE*) 

ctr (CLOSE*) 

ctr (CLOSE*) 

on (up) 

off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 


AUTO 


_ AUTO 


N/A 


as desired 


as desired 


off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 
off (down) (guarded) 


off (down) (guarded) 


EL 2 
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NOMENCLATURE 


LV RATES sw 
[WR JETT 1 
TWR JETT 2 
LV GUID sw 
LV STAGE 
XLUNAR INJECT 
MN REL 

MSN TMR HRS 
MSN TMR MIN 
MSN TMR SEC 
C/W NORM 


C/W CSM 


| C/W PWR 


C/W LAMP TEST 


MSN TMR 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


CREW CABIN INGRESS 


AUTO 

AUTO (guarded) 

AUTO (guarded) 

IU 

OFF (guarded) 

INJECT 

off (down) (guarded) 
ctr 

ctr 

ctr 


NORM 


AT LIFTOFF 


AUTO 

AUTO (guarded) 

AUTO (guarded) 

IU 

OFF (guarded) 
INJECT 

off (down) (guarded) 
ctr 

ctr 


ctr 


OFF 
OFF 
OFF 
IU 

OFF 
N/A 
off 
ctr 
ctr 


ctr 


NORM 


POWER DOWN 


(guarded) 


(down) (guarded) 
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RCS IND sel 


CAB FAN 1 


CAB FAN 2 


He 


He 


02 


02 


02 


He 


He 


02 


02 


HTRS 1 


HTRS 2 


HTRS 1 


HTRS 2 


PRESS IND sw 


FANS 1 


FANS 2 


FANS 1 


FANS 2 


ECS IND sel 


RAD FLOW CONT AUTO 


ECS RAD tb 


RAD FLOW CONT PWR 


RAD MAN SEL 


RAD PRIM HTR 


CM 2 


OFF 


gray 
off (ctr) 
RAD 1 


off (ctr) 


SM D 


OFF 


gray 
off (ctr) 
RAD 1 


off (ctr) 


as desired 
OFF 
OFF 
AUTO 
AUTO 
AUTO 
AUTO 


N/A 
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NOMENCLATURE 


RAD SEC HTR 

POT H2O HTR 

SUIT H20 ACCUM AUTO 
SUIT H20 ACCUM ON 
SUIT HT EXCH 

SEC COOL EVAP 

SEC COOL PUMP 
H20 QTY IND sw 

| GLY EVAP IN TEMP 
GLY EVAP STM AUTO 
GLY EVAP STM INCR 
GLY EVAP H20 FLOW 
CAB TEMP 

CAB TEMP tw 


HI GAIN ANT TRACK 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


CREW CABIN INGRESS 


(ctr) 
(ctr) 


(ctr) 


(etr) 


PANEL 2 (CONT) 


AT LIFTOFF 


(ctr) 


N/A 


POWER DOWN 


off (ctr) 


eff (ctr) 


off (ctr) 


N/A 
AUTO 
AUTO 
N/A 
AUTO 
AUTO 


N/A 


as desired 
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HI GAIN ANT BEAM 


HI GAIN ANT PITCH cont 


HI GAIN ANT YAW cont 


HI GAIN ANT PWR 


HI GAIN ANT SERVO 


OFF 


PRIM 


as desired 


as desired 


as desired 


as desired 


PRIM 
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NOMENCLATURE 


VHF ANT 

SPS INJ VLV Al ind 
SPS INJ VLV A2 ind 
SPS INJ VLV B3 ind 
SPS INJ VLV B4 ind 
FC 1 RAD 

FC 1 RAD tb 

FC 2 RAD 

FC 2 RAD tb 

FC 3 RAD 

FC 3 RAD tb 

FC 1 HTRS 

FC 2 HTRS 

FC 3 HTRS 


FC IND sel 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


CREW CABIN INGRESS 


PANEL 3 


SM LEFT 

CLOSE 

CLOSE 

CLOSE 

CLOSE 

off (ctr) (NORM*) 
gray 

off (ctr) (NORM*) 
gray 

off (ctr) (NORM*) 
gray 

on (up) 

on (up) 

on (up) 


2 


AT LIFTOFF 


SM LEFT 

CLOSE 

CLOSE 

CLOSE 

CLOSE 

off (ctr) (NORM*) 
N/A 

off (ctr) (NORM*) 
N/A 

off (ctr) (NORM*) 
N/A 

on (up) 

on (up) 

on (up) 


2 


POWER DOWN 


as desired 

CLOSE 

CLOSE 

CLOSE 

CLOSE 

off (ctr) (NORM*) 
gray 

off (ctr) (NORM*) 
gray 

off (ctr) (NORM*) 
gray 

on (up) 

on (up) 

on (up) 


as desired 
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MOOGANVH SNOILVUAdO OTTOdV 


(Z)-P-II WOOTA-EO-VeNS 


Te ae et 


~~ mew ew 


SPS QTY TEST ctr ctr ctr 


OXID FLOW VLV INCR INCR INCR INCR 

OXID FLOW VLV PRIM PRIM PRIM as desired 
PUG MODE NORM NORM as desired 
FC 1 PURG OFF OFF OFF 

FC 2 PURG OFF OFF OFF 

FC 3 PURG OFF OFF OFF 

FC 1 REACS ctr (on, up*) ctr (on, up*) N/A 

FC 1 REACS tb gray gray gray 

FC 2 REACS ctr (on, up*) ctr (on, up*) N/A 

FC 2 REACS tb gray gray gray 

FC 3 REACS ctr (on, up*) ctr (on, up*) N/A 

FC 3 REACS tb gray gray gray 

FC 1 MNA ctr (on, up*) ctr (on, up*) ctr (on, up*) 
FC 1 MNA tb gray gray gray 

FC 2 MNA ctr (on, up*) ctr (on, up*) ctr (on, up*) 
FC 2 MNA tb gray gray gray 


*Identifies last momentary position switched to. 


PANEL 3 
THIS SCANNED COPY IS PROVIDED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVUAdO. OTTOdV 


(Z)-fL-II WOOTd-€0-VeNS 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
NOMENCLATURE CREW CABIN INGRESS AT LIFTOFF POWER DOWN 


PANEL 3 (CONT) 


Weve Fb te dk 


yiva 


FC 3 MNA OFF OFF OFF 

FC 3 MNA tb bp bp bp 

MNA RSET ctr (RSET*) ctr (RSET*) ctr (RSET*) 
FC 1 MNB OFF OFF OFF 

FC 1 MNB tb bp bp bp 

FC 2 MNB OFF OFF OFF 

FC 2 MNB tb bp bp bp 

FC 3 MNB etr (on, up*) etr (on, up*) etr (on, up*) 
FC 3 MNB tb gray gray gray 

MNB RSET ctr (RSET*) ctr (RSET*) etr (RSET*) 
DC IND sel MN A MN A as desired 
BAT CHG OFF OFF OFF 

SPS He VLV 1 AUTO AUTO AUTO 

SPS He VLV 1 tb bp bp bp 

SPS He VLV 2 AUTO AUTO AUTO 
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MOOGANVH SNOILVYddO OTTOdV 


(Z)-f-II MOOTE-€0-VeNS 


Meu Abi Zi 


SPS He VLV 2 tb 
SPS LINE HTRS 
SPS PRESS IND sw 
S BD XPNDR 

S BD PWR AMPL PRIM 
S BD PWR AMPL HI 
PWR AMPL tb 

S BD MODE VOICE 
8S BD MODE PCM 

S BD MODE RNG 

S BD AUX TAPE 

S BD AUX TV 

UP TLM DATA 

UP TLM CMD 

S BD ANT OMNI A 
S BD ANT OMNI 


VHF AM SQLCH A tw 


bp 

off (ctr) 
He 

OFF 

PRIM 


off (ctr) 


OMNI 


noise +1 


*Identifies last momentary position switched to. 


bp 


off (ctr) 


OMNI 


noise +1 


bp 

as desired 
as desired 
as req 


as req 


as req 
as req 


noise +1 
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AOOGANVH SNOILVUAdO OTIOdY 


(2)-f-II WOoTE-Co-vens 


~se~ QO 


~t-u 


GLOL ATNL LT 


eed 


we ee ~~ 


gtd 


NOMENCLATURE 


VHF AM A 

VHF AM B 

VHF AM RCV 

VHF BCN 

VHF RNG 

S BD SQLCH 

FC REAC VLVS 

H2 PURG LINE HTR 
VHF AM SQLCH B tw 
TAPE RCDR PCM 


TAPE RCDR RCD 


| TAPE RCDR FWD 


TAPE MOTION tb 


SCE PWR 


PMP PWR 


PCM BIT RATE 


off (ctr) 
off (ctr) 
off (ctr) 
OFF 

OFF 

ENBL 
NORM 

OFF 


noise +1 


PCM/ANLG 


RCD 
off (ctr) 
bp 


NORM 


} NORM 


HI 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


AT LIFTOFF 


off (ctr) 
DUPLEX 
off (ctr) 
OFF 


OFF 


noise +1 
PCM/ANLG 


RCD 


CSM CONTROL/INDICATOR CONFIGURATION 


POWER DOWN 


as req 
off (ctr) 


off (ctr) 


noise +1 
PCM/ ANLG 


RCD 
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MOOGANVH SNOILVUAdO OTTOdV 
(Z)"f-II NOCId“Co~-vens 


INV l 


INV 2 


AC IND sel 


*Tdentifies last momentary position switched to. 


OFF 

ctr (RSET*) 
OFF 

on (up) 

OFF 

ctr (RSET*) 


BUS 2 @C 


OFF 

ctr (RSET*) 
OFF 

on (up) 

OFF 

ctr (RSET*) 


BUS 2 $C 


OFF 

ctr (RSET*) 
OFF 

on (up) 

OFF 

ctr (RSET*) 


as desired 
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MOOGANVH SNOILVEAdO OTTOdV 


Z)“f-II WOOTd-Eo-VveNs 


ww 


NOMENCLATURE 


SPS GAUGING 


TELCOM GRP 1 


TELCOM GRP 2 


| GLY PUMPS 


SUIT COMPR 1 


SUIT COMPR 2 


cb 
cb 
cb 
cb 
cb 
cb 
eb 
eb 


ce 


SUIT COMPR AC1 @A 
SUIT COMPR AC1 ¢B 
SUIT COMPR AC1 GC 
SUIT COMPR AC2 GA 
SUIT COMPR AC2 GB 
SUIT COMPR AC2 GC 
GLY PUMPS ACL $A 

GLY PUMPS ACl @B 


GLY PUMPS ACI. ¢C 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


AC1l 


ACL 


AC2 


OFF 


OFF 


OFF 


close 


close 


close 


close 


close 


close 


close 


close 


close 


A er ee 


ACl 


ACl 


AC2 


21 ACL 


AC1 


OFF 


close 


close 


close 


close 


close 


close 


close 


close 


close 


AT LIFTOFF 


PARE ee Cs ORT RE tN LET 


POWER DOWN 


as desired 


ACL 


AC2 


1 ACL 


AC1l 
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MOOUANVH SNOILVEAdO OTTOdV 


(2)efrII NOOTd-to-VeNs 


cb GLY PUMPS AC2 @A 
cb GLY PUMPS AC2 ¢B 


cb GLY PUMPS AC2 gC 


close 
close 


close 


PANEL 
THIS SCANNED COPY IS PROVID 


close close 
close close 
close close 


4 
ED BY SPACECRAFT.IT DOCUMENTATION TEAM 


MOOGANVH SNOILVEAdO OTTOdvV 


(2Z)-f-II MOOTd-eO-Vvens 


QOLOT ATMP Li 


SB ee a) Ne ore eras i ee 


bea uma & 


cond 


NOMENCLATURE 


FC 1 PUMPS 

FC 2 PUMPS 

FC 3 PUMPS 

G/N PWR 

MN BUS TIE BAT A/C 
MN BUS TIE BAT B/C 
BAT CHGR 

NONESS BUS 

cb SNSR SIG MNA 

ecb SNSR SIG MNB 

cb SNSR SIG ACL 

cb SNSR SIG AC2 

eb C/W MNA 

cb C/W MNB 


cb LM PWR 1 MNB 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


AT LIFTOFF ia POWER DOWN 


AC1l ACL 
AC2 AC2 
AC2 AC2 
AC1l OFF 
OFF OFF 
OFF OFF 
ACl as desired 
MNA OFF 
close close 
close close 
close close 
close close 
close close 
close close 
close elese 
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MOOGANWH SNOILVYAdO OTTOdV 


(Z)-f-IIT YOOTH-EO~VCNS 


OL6T ATnp i_ FF" Ptse¢ 


a3yeq esueyy 


adeg 


Ce-d 


eb 


eb 


eb 


cb 


cb 


cb 


cb 


cb 


cb 


cb 


INV CONT 1 


INV CONT 2 


INV CONT 3 


DC SNSR UNIT A 


DC SNSR UNIT B 


AC SNSR UNIT 1 


AC SNSR UNIT 2 


BAT RLY BUS BAT A 


BAT RLY BUS BAT B 


LM PWR 2 MNB 


INTGL LTS 


FLOOD LTS 


FLOOD DIM 


FLOOD FIXED 


cb 


cb 


eb 


eb 


RAD CONTR AC1 
RAD CONTR AC2 
RAD CONT/HTRS MNA 


RAD CONT/HTRS MNB 


close 
close 
close 
close 
close 
close 
close 
close 
close 
close 
on 


OFF (full dim or 
full BRT) 


PANEL 5 


close 
close 
close 
close 
close 
close 
close 
close 
close 
close 
as desired 


OFF (full dim or 
full BRT) 


close 
close 
close 
close 
close 
close 
close 
close 
close 
close 
as desired 


OFF (full dim or 
full BRT) 
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MOOGANVH SNOILVUAdO OTTOdvV 


(2)"f-II MOOTH-€O-VeENS 


ol6r trap zp) PIE Stee 


a1eq asueyy 


aged 


HZ-d 


eb 


eb 


cb 


eb 


cb 


eb 


eb 


eb 


cb 


cb 


eb 


cb 


eb 


cb 


eb 


NOMENCLATURE 


ESS 


HTRS 


HTRS 


CHGR 


CHGR 


CHGR 


CHGR 


CHGR 


INST 


INST 


OVLD BAT A 


OVLD BAT B 


BAT A 


BAT B 


MNA 


MNB 


AC PWR 


MNA 


MNB 


NONESS INST 


SCI EQUIP SEB 1 


SCI EQUIP SEB 2 


SCI EQUIP HATCH 


POT H20 HTR MNA 


POT H2O HTR MNB 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


close 


close 


open 


close 


close 


AT LIFTOFF 


PANEL 5 (CONT) 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


POWER DOWN 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


open 


open 


open 


close 


close 
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HMOOPANVH SNOILVUAdO OTTOdV 
(2)-f-II YOoTE-Co-vews 


ajyeq otIseg 


OL6T AtTme LT 


ayeq esueyy 


aseg 


Ge-d 


eb 


eb 


eb 


ecb 


cb 


ecb 


eb 


cb 


cb 


cb 


eb 


cb 


eb 


cb 


eb 


eb 


eb 


cb 


H2O ACCUM MNA 


Heo 


WASTE/POT H20 XDUCR MNA 


WASTE/POT H20 XDUCR MNB 


ECS 


ECS 


ECS 


ECS 


ECS 


ECS 


SEC 


SEC 


SEC 


SEC 


SEC 


ACCUM MNB 


PRESS XDUCR 1 MNA 


PRESS XDUCR 1 MNB 


PRESS XDUCR 2 MNA 


PRESS XDUCR 2 MNB 


TEMP XDUCR MNA 


TEMP XDUCR MNB 


cooL AC1l 


COOL AC2 


COOL RAD HTR MNA 


COOL XDUCR MNA 


COOL XDUCR MNB 


WASTE DUMP HTRS MNA 


WASTE DUMP HTRS MNB 


CAB 


FAN 1 AC1 GA 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


open 


close 


PANEL 5 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


open 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 
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MOOGANVH SNOILVUAdO OTTOdV 


(2\=PeTT VOOTHKCN-VeWS 


aBseg ayeq esueys OL6T Aap LT 28a Fseg 


gerd 


eb 


i cb 


cb 


eb 


cb 


eb 


eb 


cb 


eb 


cb 


cb 


cb 


eb 


eb 


cb 


CAB 
CAB 
CAB 
CAB 
CAB 
G/N 
G/N 
G/N 
G/N 
G/N 
G/N 
G/N 
G/N 
G/N 


G/N 


NOMENCLATURE 


FAN 
FAN 
FAN 
FAN 
FAN 
PWR 
PWR 
IMU 
IMU 
IMU 


IMU 


1 ACl @B 
1 AC1 @C 
2 AC2 GA 
2 AC2 GB 
2 AC2 gc 
ACL 
AC2 
MNA 
MNB 
HTR MNA 


HTR MNB 


CMPTR MNA 


CMPTR: MNB 


OPT 


OPT 


MNA 


MNB 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


CSM CONTROL/INDICATOR CONFIGURATION 


PANEL 5 (CONT) 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


AT LIFTOFF 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 
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HOOGANVH SNOILVYAdO OTTOdV 


(2)~f-II YOOTd-€0-VZNS 


OL6T AInp jt 93% SIseg 


93eq a8ueyn 


aseg 


Lord 


VOX SENS tw 

PWR 

MASTER VOL tw 
INTERCOM 
INTERCOM VOL tw 
PAD COMM 

PAD COMM VOL tw 
S BD 

S BD VOL tw 

VHF AM 

VHF AM VOL tw 
AUDIO CONT 


SUIT PWR 


PANELS 5 AND 6 


as req 
AUDIO/TONE 
as req 

T/R 

as req 
OFF 

as desived 
T/R 

as req 
T/R 

as req 
NORM 


on (up) 


PANEL 6 
MODE as desired as desired 


INTERCOM/PTT 


as req 
AUDIO/TONE 
as req 

T/R 

as req 

OFF 

as desired 
T/R 

as req 

T/R 

as req 
NORM 


on (up) 
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HOOGANVH SNOILVUadO OTTOdV 


(Z\=Pert wanrdecnawona 


Sl6r Amps. a -oea 


ayeq e8ueyD 


aseg 


Bord 


NOMENCLATURE 


CSM CONTROL/INDICATOR CONFIGURATION | 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


EDS PWR OFF 

TVC SERVO PWR 1 OFF 

TVC SERVO PWR 2 OFF 
FDAI/GPI PWR OFF 
LOGIC 2/3 PWR on (up) 
ELEC PWR OFF 

SIG CONDR/DR BIAS PWR 1 OFF 

SIG CONDR/DR BIAS PWR 2 OFF 
BMAG 1 PWR WARM UP 
BMAG 2 PWR WARM UP 
DIRECT 02 vlv OPEN (CCW) 


PANEL 7 


AT LIFTOFF 


on (up) 
AC1/MNA 
AC2/MNB 
BOTH 

on (up) 
GDC/ECA 
AC1l 

Ace 

ON 

ON 


partially OPEN (cCcWw) 


POWER DOWN 


OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
OFF 
WARM UP 
WARM UP 


N/A 
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MOOGANVH SNOILVUAdO OTTOdV 


DV ae FT WANT al Ne WOT 


OL6T Atne LT BPA OBsFE 


ayeq adueyy 


eseg 


627d 


| PANEL 8 


eb SCS TVC ACl 


eb SCS ACL 


eb SCS ACO 


AUTO 


AUTO 


AUTO 


AUTO 


RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 
RCS 


RCS 


A/C 
A/C 
A/C 
A/C 
B/D 
B/D 
B/D 


B/D 


ROLL 


ROLL 


ROLL 


ROLL 


ROLL 


ROLL 


ROLL 


ROLL 


PITCH A3 


PITCH C3 


PITCH Ah 


PITCH ch 


YAW 


B3 


RCS YAW D3 


close 


close 


close 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


close 


close 


close 


OFF 


OFF 


OFF 


OFF 


PANELS 7 AND 8 


close 


close 


close 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 


OFF 
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MOOGANVH SNOILVYAdO OTTOdV 


(DV he TT WANT eC Aero 


ol6t Lime it SIP eee 


ayeq osueys 


aBeg 


oe-d 


AUTO RCS YAW Bu 


AUTO RCS YAW D& 


eb 


cb 


eb 


cb 


cb 


cb 


cb 


eb 


cb 


cb 


i cb 


cb 


eb 


SCS 


SCs 


SCS 


SCS 


SCS 


ECA/TVC AC2 
DIR ULL MNA 
DIR ULL MNB 
CONTR 1 DIR 
CONTR 1 DIR 
CONTR 2 DIR 
CONTR 2 DIR 
ROLL MNA 
ROLL MNB 
ROLL MNA 
ROLL MNB 
PITCH MNA 


PITCH MNB 


NOMENCLATURE 


OFF 


OFF 


close 


close 


close 


MNA close 


MNB close 


MVNA close 


MNB close 


close 


close 


close 


close 


close 


close 


PANEL 8 (CONT) 


AT LIFTOFF 


OFF 


OFF 


clo 


clo 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


se 


se 


close 


clo 


clo 


clo 


clo 


as 


as 


as 


as 


as 
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se 


se 


se 


se 


desired 


desired 


desired 


desired 


desired 


desired 


MOOGANVH SNOILVYAdO OTTOdV 


(Z)-f-II WOOTI-C0-vens 


OL6T 4tme LT PPC OPE 


ayeq esueyy 


aseg 


Te-d 


eb SCS YAW MNA 
cb SCS YAW MNB 
NUMERICS LTS 


FLOOD LTS 


INTGL LTS 

eb ORDEAL AC2 

cb ORDEAL MNB 

eb SCS CONTR AUTO MNA 
cb SCS CONTR AUTO MNB 
eb SCS LOGIC 1/2 MNA 

eb SCS LOGIC 3/4 MNA 

eb SCS LOGIC 1/4 MNB 

eb SCS LOGIC 2/3 MNB 

cb SCS SYS MNA 

cb SCS SYS MNB 

FLOOD DIM 

FLOOD FIXED 


FLOAT BAG 1 L 


close 
close 
as desired 


OFF (full dim or 
full BRT) 


as desired 
close 
close 
close 
close 
close 
close 
close 
close 
close 
close 
1 

OFF 


VENT (locked) 


PANEL 8 


close 
close 
as desired 


OFF (full dim or 
full BRT) 


as desired 
close 
close 
close 
close 
close 
close 
close 
close 
close 
close 
1 

OFF 


VENT (locked) 


as desired 
as desired 
as desired 


OFF (full dim or 
full BRT) 


as desired 
close 
close 
close 
close 
close 
close 
close 
close 
close 


close 
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MOOGANVH SNOILVUAdO OTTOdV: 
[p\ahetT WANTTHRCNHVeNG 


ajeq o1seg 


oL6T Atne LT 


a3yeq osueyoD 


eseg 


cena 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
NOMENCLATURE CREW CABIN INGRESS AT LIFTOFF POWER DOWN 


PANEL 8 (CONT) 


FLOAT BAG 2 R VENT (locked) VENT (locked) OFF 

FLOAT BAG 3 CTR VENT (locked) VENT (locked) OFF 

SECS LOGIC 1 OFF (locked) on (up) (locked) OFF (locked) 

SECS LOGIC 2 OFF (locked) on (up) (locked) OFF (locked) 

SECS PYRO A ARM SAFE (locked) on (up) (locked) SAFE (locked) 
SECS PYRO B ARM SAFE (locked) on (up) (locked) SAFE (locked) 
eb CM RCS 1 HTR MNA open open open 

cb CM RCS 2 HTR MNB open open open 

cb SM RCS A HTR MNB close close close 

eb SM RCS C HTR MNB close close close 

cb SM RCS B HTR MNA close close close 

eb SM RCS D HTR MNA close close close 

eb RCS PRPLNT ISOL MNA close close close 

eb RCS PRPLNT ISOL MNB close close close 

eb RCS LOGIC MNA close close close 
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MOOGANVH SNOILVYAdO OTTOdV 
(Z)-f-II NOOTA~EO-VeENS 


oL6T 4tnp LT «SFP OFS PE 


ayeq e8ueyD 


eZeg 


ce-a 


eb 


eb 


eb 


eb 


eb 


cb 


eb 


eb 


eb 


eb 


cb 


ch 


eb 


cb 


eb 


cb 


cb 


eb 


RCS LOGIC MNB close 
EMS MVNA close 
EMS MNB close 
DOCK PROBE MNA close 
DOCK PROBE MNB close 
SPS GAUGING MNA close 
SPS GAUGING MNB close 
SPS GAUGING AC1 close 
SPS GAUGING AC2 close 
SPS He VLV MNA close 
SPS He VLV MNB close 
SPS PITCH 1 BAT A open 

SPS PITCH 2 BAT B close 
SPS YAW 1 BAT A open 

SPS YAW 2 BAT B close 
SPS PILOT VLV A MNA close 
SPS PILOT VLV B MNB close 
FLOAT BAG 1 BAT A open 


PANEL 8 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


open 


close 


open 


close 


close 


close 


open 
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MOOGANVH SNOILVUYAdO OTTOdV 


(Ala retT UANTTHCH—VEWS 


a1eq oiseg 


oL6t Atme LT 


ayeq esueuy 


eseg 


nerd 


cb 


eb 


eb 


cb 


cb 


eb 


cb 


eb 


eb 


cb 


eb 


eb 


NOMENCLATURE 


FLOAT SAG 2 BAT B 
FLOAT BAG 3 FLT/PL 
SECS LOGIC A BAT A 
SECS LOGIC B BAT B 
SECS ARM A BAT A 
SECS ARM B BAT B 
EDS 1 BAT A 

EDS 2 BAT C 

EDS 3 BAT B 

ELS/CM SM SEP BAT A 
ELS/CM SM SEP BAT B 


PL VENT FLT/PL 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


open 


open 


open 


open 


open 


open 


close 


close 


close 


close 


close 


close 


CSM CONTROL/INDICATOR CONFIGURATION 


AT LIFTOFF 


open 


open 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


POWER DOWN 


open 


open 


close 


close 


open 


open 


open 


open 


open 


open 


open 


open 
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MOOGANVH SNOILVYAdO OTTOdV 
(P\xoRetT YVANTITECN=WaNS 


OL6T Atne Lt PC PHSPa 


ayeq osueyo 


aseg 


Se-a 


MODE 


VOX SENS tw 


PWR 


MASTER VOL tw 


INTERCOM 


INTERCOM VOL tw 


PAD COMM 


PAD COMM VOL tw 


S BD 


S BD VOL tw 


VHF AM 


VHF AM VOL tw 


AUDIO CONT 


SUIT PWR 


VHF RNG 


INTERCOM/PTT 


OFF 


NORM 


as desired 
as req 
AUDIO/TONE 
as req 
T/R 

as req 
OFF 

as desired 
T/R 

as req 
T/R 

as req 
NORM 

on (up) 


NORM 


PANELS 8 AND 9 


PANEL 9 


as desired 
as req 
AUDIO/TONE 
as req 
T/R 

as req 
OFF 

as desired 
T/R 

as req 
T/R 

as req 
NORM 

on (up) 


NORM 
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HMOOPANVH SNOILVUAdO OTTOdV 


(Z)-f-II yoold-fo-vewe 


Ol6T ktar jt PIF Pisa 


ayeq esueyyD 


9€-4 


NOMENCLATURE 


MODE 


| VOX SENS tw 


PWR 


MASTER VOL tw 


PAD COMM 


PAR’ COMM VOL tw 


INTERCOM 


INTERCOM VOL tw 


S BD 


5 BD VOL tw 


VHF AM 


| VHF AM VOL tw 


AUDIO CONT 


SUIT PWR 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


CREW CABIN INGRESS 


PANEL 10 


INTERCOM/PTT 


NORM 


OFF 


AT LIFTOFF 


as desired 
as req 
AUDIO/TONE 
as req 
OFF 

as desired 
T/R 

as req 
T/R 

as req 
T/R 

as req 
NORM 


on (up) 


POWER DOWN 


as desired 
as req 
AUDIO/TONE 
as req 

OFF 

as desired 
T/R 

as req 
T/R 

as req 
T/R 

as req 
NORM 


on (up) 
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MOOGANVH SNOILVUAdO OTTOdV 
(P\—_Pett VWAQTTeHCN=$WeaNG 


OL6T 4p it PIF. Sleee 


ayeq esueyo 


azeg 


Le-a 


TUNL VENT viv 


OFF LM/CM AP N/A 


PANEL 13 


FDAI 1 sw 


FDAI 2 sw 


EARTH/LUNAR 


ALT SET cont 


LTG 


MODE 


SLEW 


PANEL 15 


COAS PWR 


UTIL PWR 


PL BCN LT 


PL DYE MARKER 


PL VENT 


INRTL INRTL INRTL 
INRTL INRTL INRTL 
PWR OFF PWR OFF PWR OFF 
100 NM 100 NM N/A 
OFF OFF OFF 


HOLD/FAST HOLD/FAST N/A 


off (ctr) off (ctr) off (ctr) 


OFF OFF OFF 
OFF OFF OFF 
off (ctr) off (ctr) off (ctr) 


off (down) (guarded) off (down) (guarded) off (down) (guarded) 


OFF OFF OFF 


PANELS 10 THRU 15 
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HOOGANVH SNOILVYAdO OTTOdY 


DN ehet th WANT al NaOH 


a8ed aqeq e8ueyo — oj6p Army 11 32d Osea 


gt-d 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


NOMENCLATURE AT LIFTOFF 


PANEL 16 
DOCK TRGT OFF OFF 
| UTIL PWR OFF OFF 
COAS PWR 


PANEL 100 


UTIL PWR OFF OFF OFF 

FLOOD DIM 1 1 1 

FLOOD FIXED OFF OFF OFF 

G/N OPT PWR OFF OFF OFF 

G/N IMU PWR on (up) (guarded) on (up) (guarded) OFF (guarded) 

RNDZ XPNDR PWR OFF OFF OFF 

NUMERICS LTS as desired as desired OFF 

FLOOD LTS OFF (full dim or OFF (full dim or OFF (full dim or 
full BRT) full BRT) full BRT) 

INTGL LTS as desired as desired OFF 
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MOOGANVH SNOILVUAdO OTTOdV 


(Zye-feTI MOOTE"LO-VeNS 


aseg ayeq esueu5 OL6T Atnp LT 27%a 2tSeg 


6€- 


PANEL 101 
SYS TEST (LH) 4 4 
SYS TEST (RH) B B 
CM RCS HTRS OFF OFF 
WASTE H20 DUMP OFF HTR A 
URINE DUMP OFF HTR A 
RNDZ XPNDR TEST OPR OPR 
PANEL 122 
OPT ZERO ZERO . ZERO 
OPT TELTRUN SLAVE TO SXT SLAVE TO SxT 
OPT COUPLING DIRECT DIRECT 
OPT MODE MAN MAN 
OPT SPEED LO LO 
COND LAMPS ON ON 
UP TLM ACPT ACPT 
PANEL 162 
SCI PWR (Located behind OFF OFF 


closeout panel and will 
be set at panel closeout) 


PANELS 16 THRU 162 


OFF 


as desired 


OFF 


HTR A 


HTR A 


OPR 


ZERO 


SLAVE TO SXT 


DIRECT 


MAN 


LO 


as desired 


as desired 


OFF 
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MOOGANVH SNOILVYddO OTTOdV 


(2)-PRTI YOOTH-EO-VeWs 


ajyeq cIseg 


OL6T 4tne LT 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 


NOMENCLATURE CREW CABIN INGRESS 


AT LIFTOFF POWER DOWN 


PANEL 163 


SCI/UTIL PWR (Located behind 
closeout panel and will be 


set at panel closeout ) 


ajeq esueyy 


adeg 


On-d 


PANEL 164 
Sl (Located behind closeout OFF OFF OFF 
| panel and will be set at panel 
closeout ) 
| PANEL 181 
CRYO AC PWR on (up) on (up) OFF 
He FAN AUTO AUTO OFF 
02 FAN AUTO AUTO OFF 
eb SM SECTOR 1 AC2 QA close close open 
cb SM SECTOR 1 AC2 ¢B close close open 
| cb SM SECTOR 1 AC2 @C close close open 
SM/AC PWR on (up) on (up) OFF 
DOOR JETT off (down) (guarded) off (down) (guarded) off (down) (guarded) 
LOGIC PWR OFF OFF OFF 
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MOOGPAGNVH SNOILVUAdO OTTOdV 


(Z)~feII MOOTI~eO-VcWS 


ajyeq orseg 


ejyeq esueyd get tae Lt 


ased 


TH-d 


cb 


eb 


LOGIC PWR MNA 


LOGIC PWR MNB 


AC UTIL PWR 


PCM TLM ac GRP 1 

PCM TLM ac GRP 2 

FLT BUS MNA 

FLT BUS MNB 

PMP PRIM FLT BUS 

PMP AUX FLT BUS 
VHF/CREW AUDIO L FLT/PL 
VHF/CREW AUDIO CTR FLT/PL 
VHF/CREW AUDIO R FLT/PL 
UDL FLT BUS 

HI GAIN ANT FLT BUS 

HI GAIN ANT ac GRP 2 

S BD XMTR/DSE FLT BUS 


S BD XMTR/DSE ac GRP 1 


PANELS 163 THRU 225 
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MOOGANVH SNOILVUYAdO OTTOdV 


(Z)-f-II MOOTA~EO-VeNS 


ajeq otseg 


SIP SUED OLET Line Lt 


aseg 


ond 


cb 


cb 


cb 


cb 


eb 


eb 


cb 


cb 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


NOMENCLATURE 


CTE MNA close 
CTE MNB close 
RNDZ XPNDR FLT BUS close 
SIG CONDR FLT BUS close 
S BD PWR AMPL 1 FLT BUS close 
S BD PWR AMPL 1 ac GRP 1 close 
S BD PWR AMPL 2 FLT BUS close 
S BD PWR AMPL 2 ac GRP 2 close 


PANEL 225 (CONT) 


close 


close 


close 


close 


close 


close 


close 


close 


AT LIFTOFF 


close 


close 


close 


close 


close 


close 


close 


close 
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MHOOPGANVH SNOILVYAdO OTTOdV 


(Z)-f-II WOOTE~CO-VEWS 


OL6T “tmp Jr PPC Osea 


azeq esueyy 


aseg 


En-d 


PANEL 226 


cb 


cb 


eb 


cb 


cb 


eb 


eb 


cb 


ecb 


cb 


cb 


eb 


eb 


eb 


cb 


cb 


cb 


eb 


FC 1 
FCO 1 
FC l 
FC 1 
Fel 
CRYO 
CRYO 
FC 2 
FC 2 
FC 2 
FC 2 
FC 2 
CRYO 
CRYO 
FC 3 
FC 3 
FC 3 


FC 3 


PUMPS AC 


REACS 


BUS CONT 


PURG 


RAD 


He HTR 1 MNA 


H2 HTR 2 MNB 


PUMPS AC 


REACS 


BUS CONT 


PURG 


RAD 


02 HTR 1 MNA 


O2 HTR 2 MNB 


PUMPS AC 


REACS 


BUS CONT 


PURG 


close 


open 


close 


close 


close 


close 


close 


close 


open 


close 


close 


close 


close 


close 


close 


open 


close 


close 


close 
open 

close 
close 
open 

close 
close 
close 
open 

close 
close 
open 

close 
close 
close 
open 

close 


close 


PANELS 225 AND 226 


close 


open 


close 


close 


open 


close 


close 


close 


open 


close 


close 
open 

close 
close 
close 
open 

close 


close 
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MOOGANVH SNOILVURdO OTTOdV 
(Z)-f-II WOOTE-€O-VeNS 


o16t Atne 1 PIE Pts ea 


aqeq esueuy 


aseg 


hie-d 


eb 


eb 


eb 


eb 


cb 


eb 


cb 


eb 


cb 


eb 


eb 


eb 


cb 


eb 


eb 


NOMENCLATURE 


FC 3 RAD 
QTY AMPL 
QTY AMPL 
CRYO FAN 
CRYO FAN 
CRYO FAN 
CRYO FAN 
CRYO FAN 
CRYO FAN 
COAS/TUNL 
COAS/TUNL 
FLOOD LTG 
FLOOD LTG 
FLOOD LTG 


NUM/INTGL 


ACL 
Ac2 

TK1 ACL $A 
TK1 ACL GB 
TK1 AC1 ¢C 
TK2 AC2 GA 
TK2 AC2 $B 
TK2 AC2 gC 
LTG MNA 
LTG MNB 
MNA 

MNB 
FLT/PL 


LTG LEB AC2 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


CSM CONTROL/INDICATOR CONFIGURATION 


PANEL 226 (CONT) 
open 
close 
close 
close 
close 
close 
close 
close 
close 
close 
open 
close 
close 
close 


close 


AT LIFTOFF 


POWER DOWN 


open 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 
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MOOGANVH SNOILVYAdO OTTOdV 


(Z)-f-II MOOTE-EO-VeNS 


ayecql oIseg 


eb NUM/INTGL LTG L MDC AC1 
eb NUM/INTGL LTG R MDC AC1 
cb RUN/EVA/TRGT LTG AC1 


cb RUN/EVA/TRGT LTG AC2 


| ed 
—~j 
Cy 
Pat 
e 
ted 
| coe 
Ne} 
~] 
© 
@) 

om eb 
oo 
3 

7 eb 
oO 

eo cb 
o 

cb 

ecb 

eb 

cb 
'd 

ras eb 
o 

cb 

cb 

eb 


Sh-d 


EPS 


EPS 


EPS 


EPS 


EPS 


EPS 


EPS 


EPS 


EPS 


EPS 


UTIL R/L STA MNA 


GRP 


GRP 


GRP 


GRP 


GRP 


GRP 


GRP 


GRP 


GRP 


GRP 


1 MNA 
1 MNB 
2 MNA 
2 MNB 
3 MNA 
3 MNB 
k MNA 
 MNB 
5 MNA 


5 MNB 


close 


close 


close 


close 


SCI PWR OFF 
PANEL 229 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 


close 

close 

close 

close 
PANEL 227 


OFF 


close 
close 
close 
close 
close 
close 
close 
close 
close 
close 


close 


PANELS 226 THRU 229 


close 
close 
close 
close 
close 
close 
close 
close 
close 
close 


close 
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MOOGANVH SNOILVYdadO OTTOdV 


POV eNeaT Th VUANTT eC NeWOHIG 


aleq o1seg 


ay 


e 
a8 


oL61T 4Tn 


ajyeq esueuy 


a3 


Qn-"d 


eb 


cb 


NOMENCLATURE 


UTIL LEB MNB 


EPS BAT BUS A 


EPS BAT BUS B 


TMRS MNA 


TMRS MNB 


SPS LINE HTRS MNA 


SPS LINE HTRS MNB 


02 VAC ION PUMPS MNA 


02 VAC ION PUMPS MNB 


MN REL PYRO A 


MN REL PYRO B 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


close 


close 


close 


close 


close 


close 


close 


open 


open 


open 


open 


PANEL 229 (CONT) 
close 
close 
close 
close 
close 
close 
close 
open 
open 
open 


open 


AT LIFTOFF 


POWER DOWN 


close 


close 


close 


close 


close 


close 


close 


open 


open 


open 


open 
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MOOGANVH SNOILVYAdO OTTOdV 


(Z)-f-TI WOOTH-CO-VeNS 


OL6T Ate Lt PC OFSPa 


aqeq esueyo 


aseg 


Lt-d 


PANEL 230 


MAP CAMR ON tb 


MAP CAMR TRACK tb 


MAP CAMR ON 


MAP CAMR TRACK 


MAP CAMR IMAGE MTN 


GAMMA RAY BOOM DPLY tb 


GAMMA RAY BOOM JETT tb 


GAMMA RAY BOOM DPLY 


GAMMA RAY BOOM JETT 


GAMMA RAY EXP 


GAMMA RAY GAIN 


MASS SPECT BOOM DPLY tb 


MASS SPECT BOOM JETT tb 


MASS SPECT BOOM JETT 


MASS SPECT BOOM DPLY 


MASS SPECT EXP 


MASS SPECT ION SOURCE 


gray 
gray 

OFF 

OFF 

OFF 

gray 

gray 

off (ctr) 
off (down ) 
OFF 

SHLD OFF 
gray 

gray 

off (down) 
off (ctr) 
OFF 


OFF 


PANELS 229 AND 230 


gray 

gray 

STBY 

OFF 

OFF 

gray 

gray 

off (ctr) 
off (down) 
OFF 

SHLD OFF 
gray 

gray 

off (down) 
off (ctr) 
OFF 


OFF 


off (ctr) 
off (down) 
OFF 

SHLD OFF 
TBD 

TBD 

off (down) 
off (ctr) 
OFF 


OFF 
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MOOGANVH SNOILVYAdO OTTOdV 


(2)-f-II WoOTa-€0-vens 


ox 


tne 


OL6T 4 


ajeq aesueud 


ag 


eH-d 


NOMENCLATURE 


MASS SPECT MULT 
MASS SPECT DSCRM 
LASER ALTM 

PAM CAMR OPR tb 
PAN CAMR SELF TEST 
PAN CAMR MODE 
PAN CAMP PWR 
DATA SYS CAL 
DATA SYS ON 
ALPHA RAY 

X RAY DK DPLY 

X RAY EXP 

SUB SAT 


SUB SAT tb 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


PANEL 230 (CONT) 


LO 

LO 

OFF 

gray 

off (ctr) 
STBY 

BOOST 

off (down) 
OFF 


OFF 


CSM CONTROL/INDICATOR CONFIGURATION 


AT LIFTOFF POWER DOWN 
LO LO 
LO LO 
OFF OFF 
gray TBD 
off (ctr) off (ctr) 
STBY STBY 
BOOST off (ctr) 
off (down ) off (down) 
OFF OFF 
OFF OFF 
off (down) off (down ) 
OFF OFF 
off (ctr) off (ctr) 
gray gray 
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MOOGANVH SNOILVuadoO OTTOdV 


(Z)"f-II YOOTA-SO-VCHS 


OL6T Atne yt CFPC Os Pa 


ayeq esueyy 


aseg 


6nnd 


BAT BUS A TO PYRO BUS 


PYRO A/SEQ A 


BAT BUS B TO PYRO BUS 
PYRO B SEQ B 

BAT A PWR ENTRY/PL 
BAT B PWR ENTRY/PL 
BAT C PWR ENTRY/PL 
BAT C TO BAT BUS A 
BAT C TO BAT BUS B 


BAT C BAT CHGR/EDS 2 


OVBD DRAIN viv 


BAT VENT vlv VENT CLOSE 


WASTE STOW viv CLOSE VENT 


PANELS 230 THRU 252 
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N/A 


N/A 


MOOGANVH SNOILVYAdO OTTOdV 


RAAT aS Ne WOHIC 


1D\ afeatT 


ajieq orseg 


Tor ge 


ayeq edueud 


assed 


Osa 


MNA BAT BUS A 
MNA BAT C 
MNB BAT C 


MNB BAT BUS B 


FLT/PL BAT C 
FLT/PL MNA 
FLT/PL MNB 
INV 1 MNA 
INV 2 MNB 
INV 3 MNA 


INV 3 MNB 


FLT/PL BAT BUS A open 


FLT/PL BAT BUS B open 


PRIOR TO BACKUP 
CREW CABIN INGRESS AT LIFTOFF 


PANEL 275 


close 


open 


open 


close 


open 


close 


close 


close 


close 


close 


close 
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POWER DOWN 


MOOGANVH SNOILVYAdO OTTOdV 


(Z)-fRII NOoTH-fo-v2ns 


bo 
is PANEL 276 
oO ioe 
. ebl INST PWR CONT close close 
wp 
oO eb2 INST PWR CONT close close 
5 eb3 INST PWR CONT close close 
Cy 
i= eb4 INST PWR CONT close close 
% PANEL 278 
a 
eb UPR SYS COMPR 1 open 
O 
om cb UPR SYS COMPR 2 open 
wy 
io} 
oa eb SIVB/LM SEP PYRO A 
0 
s cb SIVB/LM SEP PYRO B 
rai) 2 pees NNUUNEPTUD- a NRA ETERS 
PANEL 300 
rh SUIT FLOW viv FULL FLOW FULL FLOW N/A 
PANEL 301 
lh SUIT FLOW viv FULL FLOW FULL FLOW N/A 
. 
a PANEL 302 
etr SUIT FLOW vlv FULL FLOW FULL FLOW N/A 
PANEL 303 
PRIM CAB TEMP viv COLD (cw) COLD (cw) N/A 
ef SEC CAB TEMP viv MAX COOL (CW) MAX COOL (CW) N/A 
dh 
bet 


PANELS 275 THRU 303 
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MOOPANVH SNOILVYAdO OTTOdV 


(Z)-f-II YOO “Co-vens 


ayeq otseg 


T 


SL6T Atar 


a 


aqeq esueuy 


aseq 


2S-€ 


NOMENCLATURE 


DRINK Heo SUP viv 


FOOD PREP COLD H20 viv 


FOOD PREP HOT H20O viv 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
CREW CABIN INGRESS 


| OFF (CW) 


MSN TMR 


EVNT TMR RSET 


EVNT TMR START 


EVNT TMR MIN 


EVNT TMR SEC 


MSN TMR HRS 


MSN TMR MIN 


MSN TMR SEC 


START 
UP (ctr) 
ctr 

ctr 

ctr 

ctr 

ctr 


etr 


PANEL 304 


PANEL 305 


PANEL 306 


AT LIFTOFF POWER DOWN 
OFF (CW) 1 N/A 
rel N/A 
rel N/A 
START START 
UP (ctr) UP (ctr) 
ctr STOP 
etr ctr 
ctr ctr 
ctr etr 
etr etr 
ctr etr 
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MOOWUANVH SNOILVUAdO OTTOdY 


(Z2)~P-II WOOTH-CO-VeENS 


ajeq cIseg 


OL6T ATnr LT 


ayeq esueys 


eseg 


€S-a 


eee 
PANEL 325 


rh CAB PRESS RELF viv BOOST/ENTR BOOST/ENIR 
lh CAB PRESS RELF viv BOOST/ENTR BOOST/ENTR 


PRIM GLY TO RAD NORM BYP 


REPRESS PKG vlv 


SM O2 SUP vlv 


SRG TK 02 vlv 


GLY RSVR IN viv 


GLY RSVR BYP vlv 


GLY RSVR OUT vlv 


CO2 CSTR DIVERT viv 


MN REG A viv open open N/A 
MN REG B vlv open open N/A 
H20/GLY TK REG sel BOTH BOTH N/A 
H20/GLY TK RELF sel BOTH BOTH N/A 


PANELS 304 THRU 351 
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HOOWANVH SNOILVUAdO OTTOdY 


(Z)-f-II yootd-£o-v2us 


ss 
t CSM CONTROL/INDICATOR CONFIGURATION 
ta 
(oe) 
uy PRIOR TO BACKUP 
ot NOMENCLATURE CREW CABIN INGRESS AT LIFTOFF 
oO 
= PANEL 351 (CONT) 
—~j 
<3 EMER CAB PRESS sel OFF OFF N/A 
(ar) 
* CAB REPRESS vlv OFF (ccw) OFF (ccWw) | N/A 
o 
a PANEL 352 
O WASTE TK SERV viv 
ou 
B PRESS RELF sel 
oO 
0 POT TK IN vlv 
iM 
ct 
® WASTE TK IN vlv 
SRG TK RELF viv open (CW) 
PANEL 376 
‘0 PLVC sw 
aQ 
0 | PANEL 377 
GLY TO RAD SEC viv 
PANEL 378 
PRIM GLY ACCUM viv open (CCW) open (CCW) 
w 
1 
Sai 
Ba 
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HOOGANVH SNOILVUIdO OTTOdV 


(2)"f-II WOOld-€0-v2ZHNS 


PANEL 380 


OFF 


close (push) 


ss 

wy 

hs 

id PRIM ACCUM FILL viv 

po 

ct 

ta?) 

La DEMAND REG sel 

Cy 

E SUIT TEST vlv 

hs SUIT RETURN viv 

2 ince MDa Wine 2 Sieh a 

a 

SUIT HT EXCH PRIM GLY 

3 

a8 SUIT FLOW RELF 

o 

o GLY EVAP IN TEMP vlv 

oO 
SUIT HT EXCH SEC GLY 
SEC EVAP H20 CONT 
PRIM EVAP H20 CONT 
H20 ACCUM 1 

ry 

& H20 ACCUM 2 

fe) 
EMER 02 
REPRESS 02 

Y 

Ww 

An 


PANEL 382 

FLOW (CCW) 

OFF 

MIN (CCW) 

FLOW 

AUTO 

AUTO 

RMTE 


RMTE 


PANEL 601 


CLOSE 


OFF 


close (push) 


FLOW (CCW) 
OFF 

MIN (CCW) 
FLOW 

AUTO 

AUTO 


RMTE 


RMTE 


PANEL 600. 
CLOSE 


CLOSE N/A 


CLOSE N/A 


PANELS 351 THRU 601 
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MOOGANVH SNOILVYAdO OTTOdV 


(Z)-f-II YOOTE-EO-VeNs 


eseg ayeqi edueuy OL6T Atnp jt eed otsea 


9S-a 


CSM CONTROL/INDICATOR CONFIGURATION 


PRIOR TO BACKUP 
NOMENCLATURE CREW CABIN INGRESS AT LIFTOFF POWER DOWN 


PANEL 602 


REPRESS 02 RELF open (CW) 


PANEL 603 

PANEL 604 

FWD HATCH 
PRESS EQUAL viv CLOSE CLOSE 
Actr handle sel stowed stowed 
Actr handle rel locked locked 

SIDE HATCH 
CAB PRESS DUMP vlv — close (CW) close (cW) close (CW) 
Gearbox sel LATCH LATCH N/A 
Actr handle sel L (latch) U (unlatch) N/A 
BPC jett knob 180° from BPC JETT Arrow on knob N/A 

decal pointing to BPC 


JETT decal 
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MOOGANVH SNOILVYAdO OTTOdV 


(2)-f-II WOOTA-EO~VeNS 


Peep, vreey 


OLOt ATRL LT 


PEELE SruUey yy 


VBtdq 


@S-a/LS-8 


Lock pin rel knob UNLOCK LOCK N/A 
GN2 vlv handle neutral push (outboard) N/A 
Lock pin ind flush flush N/A 
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PANELS 602 THRU 604. FWD HATCH AND SIDE HATCH 
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(2)"f-II wooTd-fo-vews 
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SM2A-03-BLOCK II-J-(2) 
APOLLO OPERATIONS HANDBOOK 


- 
cay ® | 
8) 


7 
4 
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1, ALL NUMBERS AND LETTERS ENCLOSED WITH 
PARENTHESIS 00 NOT APPEAR ON PANELS. 


. W SYMBOL DENOTES MOMENTARY SWITCH POSITION AND 
DOES NOT APPEAR ON PANELS. 


. SWITCH POSITIONS ARE SHOWN FOR CONVENIENCE ONLY 
AND DO NOT NECESSARILY REFLECT OPERATING MODES 
AND/OR MISSION PHASES. TWO POSITION SWITCHES 
ARE SHOWN IN THE DOWN POSITION, THREE POSITION 
SWITCHES ARE SHOWN IN CENTER POSITION. 
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PANELS 162, AND 164 ARE LOCATED BEHIND VOLUME 85 
AND 86 RESPECTIVELY. PANEL 163 IS LOCATED BEHIND 
CLOSEOUT PANEL ADJACENT TO VOLUME 282. 
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APPENDIX C 


FLIGHT OPERATIONAL CHECKLIST DEVELOPMENT 


The CSM Apollo Operations Handbook Procedures are formatted so as to 
make possible direct development of flight operational checklist material. 


Figures C-l through C-3 indicate a method of arranging material from 
the procedures column of the normal/backup and contingency sections of the 
AOH to provide three relatively compact and convenient checklists ordered 
and oriented to specific Apollo mission phases. Material is arranged to 
provide a minimum of redundancy and cross referencing, while at the same 
time allowing optimum procedure sequencing for each phase, 


The LAUNCH CHECKLIST, figure C-1, contains flight crew procedures 
from prime crew ingress through translunar injection, including aborts 
and applicable pad and flight emergency procedures. 


Backup crew prelaunch procedures can be made a carry-off item at the 
time of backup crew egress and are therefore not included. Prime crew 
prelaunch procedures could conceivably be excluded as well from the launch 
checklist by use of task communication to the crew via hardline. 


The FLIGHT OPERATIONS CHECKLIST, figure C-2, includes CSM/LM/SIVB 
interface, rendezvous, formation flight, docking and docked operations, 
and flight emergency procedures for use during all phases of Earth-Lunar 
orbital operations. These procedures are also used for TEI and for MCC 
burns during translunar and transearth coast periods. 


The ENTRY CHECKLIST, figure C-3, includes preparation for deorbit 
and entry through postlanding procedures including flight emergency 
procedures and postlanding emergency procedures, if any. 


The SUPPORT PROCEDURES AND DATA (SPAD), detailed in figure C-4, 
includes G&C reference data, subprocedures, mode selection, and vehicle 
system management procedures used in conjunction with orbital operations 
and in preparation for deorbit and entry. 
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